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1. Overview of I/O unit 


Document design parameters, specifications, etc. are the design goals, and the specific parameters are subject to 
the actual measurement data specifications of the final product. 

The Titan2 family of programmable logic devices has configurable high-performance I/O drivers and receivers 
that support a variety of standard interfaces. 

The I/O unit of Titan2 series products is mainly composed of two parts, IO BUFFER and IO LOGIC, which are 


generally distributed in pairs. The schematic diagram of its structure is as follows: 


TO 
IO LOGIC | po IO BUFFER 
(TRUE) (TRUE) | PAD TRUE 
DI 
DI 
IO LOGIC DO IO BUFFER —5 PAD COMP 
(COMP) > (COMP) = 
TO 


Figure 1 I/O Schematic 


Each IO BUFFER will be directly connected to an IO LOGIC, which includes data input and output, and the 
three-state control signal of the IO BUFFER. The IO LOGIC can be configured as ISERDES or OSERDES. 

The single-ended I/O standards supported by Titan? series products include: LVCMOS, LVTTL33, SSTL, 
HSTL, HSUL, LPDDR, PCI33, POD12. 

True differential I/O standards supported by Titan2 series products include: LVDS, Mini-LVDS, MIPI, pseudo 
differential standards include: RSDS, PPDS, BLVDS, TMDS, HSUL12D, SSTL12D, SSTL135D I, SSTL135D II, 
HSTL15D I, HSTLISD IL HSTL18D_I, HSTL18D _IILPDDRD, SSTL15D I, SSTL15D IL SSTL18D_L 
SSTL18D II, POD12D. 

The I/O of Titan2 series products has electrostatic protection features to prevent the pins of the device from being 


damaged by static electricity. For anti-static standards, see "DS05001 Titan2 Series FPGA Device Data Sheet". 
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2. Detailed introduction of I/O unit 


(1) Titan2 series I/O BANK 
1. VO BANK Distribution 


The I/O of Titan2 series products are distributed according to BANK. 
PG2T390H has 10 BANKS, and their distribution is shown in the figure below. 


BANKL1 
| HR 
BANKL2 
HR 
BANKL3 
HR 
BANKL4 
HR 
BANKL5 | BANKR5 
| HR HP 
BANKL6 | BANKR6 
| HR HP 
BANKL7 BANKR7 
HR HP 
Figure 2 PG2T390H I/O BANK 


BANKLI, BANKL2, BANKL3, BANKL4, BANKL5, BANKL6, BANKL7 are HRIOB, BANKR5, BANKR6, 
BANKR7 are HPIOB. 
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2. I/O BANK Voltage 


Titan2 series products have certain restrictions on the I/O standards used in BANK, and the output standard 
voltage must match VCCIO. Titan2 products have built-in dedicated circuits to make input standards compatible with 
different VCCIOs. Mixed voltage LVCMOS in BANK Level standard input and output combination modes are 
detailed in the table below: 


Table 1 Mixed Voltage LVCOMS Level Standard Input and Output Combination Modes in BANK 


1.2 y y 
1.5 y y 
1.8 y y 
2.5 y y 
3.3 y y 


Any VO standard used in BANK, its VCCIO level must comply with the limit, Pango Design Suite software will 
check. 


(2) IO BUFFER 


Titan2 series products have configurable high-performance I/O drivers and receivers, and support a variety of 
input and output standards. The output drive current, slew rate, on-chip terminal resistance and other characteristics 
can be programmed. Each bank contains 50 IO, 2 single-ended pins, 24 pairs of differential pins. There are also two 


dedicated IOBs to support external reference voltage input for HSTL and SSTL input standards. 


1. IO BUFFER Structure 


Each IO BUFFER contains input, output and tri-state I/O drivers. These drivers can be configured into different 
kinds of I/O standards. There are 2 kinds of golden models for IO BUFFER. 
> IOBSHR (IOBS) 


INBUF_EN 
DIFFO_IN 
TO [5 —— 
L2 — DIN 
DO | 
PAD 
1 
DIFFI OUT 


Figure3 IO BUFFER golden model (IOBSHR) 
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» IOBDHR (IOBD) 


MIPI SW. DYN | 
DIFFI_IN 
TO 
DIN_MIPI_LP 
DIN 
DO y 
PAD 
— DIFFI OUT 
DIFFO_OUT 


Figure 4 IO BUFFER golden model (IOBDHR) 


2. Terminal matching resistance 


When using high-speed I/O standards, in order to meet the signal integrity, termination resistors are usually used. 
The termination resistors should be as close as possible to the receiver to minimize the interference factors of signal 
integrity. 

Titan2 series FPGAs provide on-chip configurable termination resistors for differential interfaces (such as 
LVDS) and single-ended interfaces (such as SSTL). If the termination resistors are configured in the IO BUFFER, the 
external termination resistors are not needed. 
> Differential signal terminal matching: 


The differential input uses 1000 parallel resistors. The figure below shows the block diagram of the external and internal 


termination resistors. 


IX ) Z. =500 


7 


a | |, Differential input with 
el A External termination 


Maso LS 


X. 


Differential Output > 


| IX ) Z. -500 AR 


` >= Differential input with 


N a 
: ; < c 
- o > c y R 
Differential Output 4 E^ S | A On-chip termination 


X ( \ 2, -soo \ 
A emet: 


Figure 5 Matching resistors for chip differential signals 


The optional on-chip differential termination of Titan2 series FPGA can eliminate the 1000 external termination 


resistor. This kind of on-chip differential termination resistor does not need to be adjusted and is fully applicable to 
LVDS, MIPI level standards. 
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Optional on-chip differential termination is configurable through I/O constraints. Figure 6 shows different 


implementations using on-chip differential termination at the differential receiver side or with external termination resistors. 


a. The differential pair uses an external termination resistor, constraining DIFF IN TERM, MODE-OFF 


AN v 


" NO Á \ E Y Bee _ 
LP 8 PR D 


100 2 
/ 


b. Differential pair on-chip differential terminal, constrain DIFF_IN_TERM_MODE=ON 


) Ze =502 


/Á ES EN. x 
/ \ NZ uat — 
N \ A J i." 


N D 


Figure 6 Selection method of terminal resistance at differential input 


When the attribute DIFF IN TERM MODE of the I/O pin is set to "ON", the on-chip differential termination is 


enabled. When constraining in the FDC file, use the following command: 


define attribute {p:port_name} {PAP IO DIFF IN TERM MODE} 


> Single-ended signal termination: 
Single-ended signal termination supports SSTL, HSTL and POD interfaces. For storage interfaces, the matching 


resistors are as follows: 


Interface Type LPDDR DDR2 DDR3 DDR4 
HP BANK 
60/400hm 60/400hm 60/400hm 240/120/80/60/48/40/340hm 
Matching resistance 
HR BANK 
60/50/400hm 60/50/400hm 60/50/400hm - 


Matching resistance 


Note: For the HP BANK ddr memory interface, a 240-ohm matching resistor needs to be connected in series to 


the ground on the VRP pin, and the other VRN can be used as a normal IO. 


Figure 7 is a schematic diagram of the internal termination of SSTL and HSTL, for HR BANK, RI, R2 are 
80/100/120 ohms, for HP BANK, R1, R2 are 80/120 ohms. 
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VCCIO 
Tri-state 
VCCIO 
R1 i 
20 Í 
| | vccio 
off-chip ka | | differential E 
ZO | | Rm 
R2 | 
on-chip 
Tri-state 
VCCIO 


Figure 7 SSTL, HSTL internal resistance termination method 


In the FDC file, on-chip termination can be enabled through I/O constraints. The constraints are as follows: 


define attribute { p:port name } (PAP IO DDR TERM MODE} (ON) 


Among them, if you want to enable the on-chip terminal, select the parameter "ON"; otherwise, select "OFF". 


3. Supported I/O Standards 


The IO BUFFER of Titan? series programmable logic devices supports a wide range of single-ended I/O signal 
standards, and all I/Os can be used to form differential pairs, which can support many differential signal standards. 
This flexibility can make the user selects the most appropriate I/O standard for each pin to meet the needs of interface 
and signal integrity. These I/Os are allocated in several independent BANKs, and each BANK has a common output 
voltage (VCCIO) inside and a common reference voltage (VREF). 

The trend of today's bus applications is usually led by the largest and most influential companies in the digital 
electronics industry. Every time they launch a bus, they will launch the corresponding I/O standard. These bus I/O 
standards are for those who use it the merchants who come to design products provide detailed instructions. Each I/O 
standard has its specific electrical performance: including current, voltage, IO Buffering and terminal technology. 
Titan2 series programmable logic devices follow this trend and can support continuously expanding I/O standards can 
be flexibly and quickly adapted to market needs. By configuring IO BUFFER drivers, I/O can support multiple I/O 
standards. The single-ended I/O standards supported by Titan2 series are shown in Table 2 below and Table 3: 


Table 2 Standards supported by Titan2 series HR BANK 


Single-ended I/O standard Slew Rate VCCIO IN/OUT Full HR BANK support 
PCI33 FAST/SLOW 3.3 IN/OUT Yes 
LVTTL33 FAST/SLOW 3.3 IN/OUT/INOUT Yes 
LVCMOS33 FAST/SLOW 3.3 IN/OUT/INOUT Yes 
LVCMOS25 FAST/SLOW 2.5 IN/OUT/INOUT Yes 
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Single-ended I/O standard Slew Rate VCCIO IN/OUT Full HR BANK support 
LVCMOS18 FAST/SLOW 1.8 IN/OUT/INOUT Yes 
LVCMOS15 FAST/SLOW 1.5 IN/OUT/INOUT Yes 
LVCMOS12 FAST/SLOW 1.2 IN/OUT/INOUT Yes 
HSTL15 I FAST/SLOW 1:5 IN/OUT Yes 
HSTL18_I FAST/SLOW 1.8 IN/OUT Yes 
HSTLI1S II FAST/SLOW 1.5 IN/OUT/INOUT Yes 
HSTLIS8 II FAST/SLOW 1.8 IN/OUT/INOUT Yes 
SSTLI35 I FAST/SLOW 1.35 IN/OUT/INOUT Yes 
SSTL135 II FAST/SLOW 1.35 IN/OUT/INOUT Yes 
SSTL15 I FAST/SLOW 1.5 IN/OUT/INOUT Yes 
SSTL15 II FAST/SLOW 1.5 IN/OUT/INOUT Yes 
SSTL18 I FAST/SLOW 1.8 IN/OUT Yes 
SSTL18 II FAST/SLOW 1.8 IN/OUT/INOUT Yes 
HSUL12 FAST/SLOW 1.2 IN/OUT/INOUT Yes 
LPDDR FAST/SLOW 1.8 IN/OUT/INOUT Yes 
Table 3 Standards Supported by Titan2 Series HP BANK 
Single-ended I/O standard Slew Rate VCCIO IN/OUT Full HP BANK support 
LVCMOS12 FAST/MEDIUW/SLOW 1.2 IN/OUT/INOUT Yes 
LVCMOS15 FAST/MEDIUW/SLOW 1.5 IN/OUT/INOUT Yes 
LVCMOS18 FAST/MEDIUW/SLOW 1.8 IN/OUT/INOUT Yes 
HSTL12_I FAST/MEDIUW/SLOW 1.2 IN/OUT Yes 
HSTL15 I FAST/MEDIUW/SLOW 1.5 IN/OUT Yes 
HSTL18 I FAST/MEDIUW/SLOW 1.8 IN/OUT Yes 
HSTL15 II FAST/MEDIUW/SLOW 1.5 IN/OUT/INOUT Yes 
HSTLI18 II FAST/MEDIUW/SLOW 1.8 IN/OUT/INOUT Yes 
SSTL18 I FAST/MEDIUW/SLOW 1.8 IN/OUT Yes 
SSTLIS II FAST/MEDIUW/SLOW 1.8 IN/OUT/INOUT Yes 
SSTL15 I FAST/MEDIUW/SLOW 1.5 IN/OUT Yes 
SSTLI15 II FAST/MEDIUW/SLOW 1:5 IN/OUT/INOUT Yes 
SSTLI35 I FAST/MEDIUW/SLOW 1.35 IN/OUT/INOUT Yes 
SSTL135 II FAST/MEDIUW/SLOW 1.35 IN/OUT/INOUT Yes 
SSTLI2 FAST/MEDIUW/SLOW 1.2 IN/OUT/INOUT Yes 
HSUL12 FAST/MEDIUW/SLOW 1.2 IN/OUT/INOUT Yes 
PODI2 FAST/MEDIUW/SLOW 1.2 IN/OUT/INOUT Yes 
POD12_CAL FAST/MEDIUW/SLOW 1.2 IN/OUT/INOUT Yes 
HSTL15 I CAL FAST/MEDIUW/SLOW 1.5 IN/OUT Yes 
HSTL18 I CAL FAST/MEDIUW/SLOW 1.8 IN/OUT Yes 
HSTL15 II CAL FAST/MEDIUW/SLOW 1.5 IN/OUT/INOUT Yes 
HSTL18 II CAL FAST/MEDIUW/SLOW 1.8 IN/OUT/INOUT Yes 
SSTL18 I CAL FAST/MEDIUW/SLOW 1.8 IN/OUT Yes 
SSTL18 II CAL FAST/MEDIUW/SLOW 1.8 IN/OUT/INOUT Yes 
SSTL15 I CAL FAST/MEDIUW/SLOW 1.5 IN/OUT Yes 
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Single-ended I/O standard Slew Rate VCCIO IN/OUT Full HP BANK support 
SSTL15 II CAL FAST/MEDIUW/SLOW 1.5 IN/OUT/INOUT Yes 
SSTL135 I CAL FAST/MEDIUW/SLOW 1:35 IN/OUT/INOUT Yes 
SSTL135 II CAL FAST/MEDIUW/SLOW 1.35 IN/OUT/INOUT Yes 
SSTL12_CAL FAST/MEDIUW/SLOW 1.2 IN/OUT/INOUT Yes 
HSULI2_CAL FAST/MEDIUW/SLOW 1.2 IN/OUT/INOUT Yes 
LVCAL_15 FAST/MEDIUW/SLOW 1.5 IN/OUT/INOUT Yes 
LVCAL_18 FAST/MEDIUW/SLOW 1.8 IN/OUT/INOUT Yes 
HSLVCAL_15 FAST/MEDIUW/SLOW 1.5 IN/OUT/INOUT Yes 
HSLVCAL 18 FAST/MEDIUW/SLOW 1.8 IN/OUT/INOUT Yes 


Description: Level standard with CAL has resistance calibration function 


LVTTL33 (Low-Voltage TTL): 3.3V standard defined by JESD, 3.3V VCCIO is required for output, no 
reference voltage and termination voltage are required. 

LVCMOS (Low-Voltage CMOS): Low-voltage CMOS standard, the application voltage ranges from 1.2V to 
3.3V. Noreference voltage and termination voltage are required. 

SSTL18 (Stub Series Terminated Logic for 1.8V): Defined by JESD79-2C, 1.8V memory bus standard. Requires 
0.90V reference voltage, 1.8V VCCIO and a 0.90V termination voltage. SSTL18 is used for high-speed SDRAM 
interface. 

SSTL15 (Stub Series Terminated Logic for 1.5V): Defined by JESD79-3, 1.5V memory bus standard. Requires 
0.75V reference voltage, 1.5V VCCIO and a 0.75V termination voltage. SSTL15 is used for high-speed SDRAM 
interface. 

SSTL135 (Stub Series Terminated Logic for 1.35V): Defined by JESD79-3-1, 1.35V memory bus standard. 
Requires 0.675V reference voltage, 1.35V VCCIO and a 0.675V termination voltage. SSTL135 is used for DDR3L 
SDRAM storage interface. 

HSTL18 (High-Speed Transceiver Logic for 1.8V): Defined by IBM, a high-speed bus standard. It requires a 
reference voltage of 0.90V, a VCCIO of 1.8V and a termination voltage of 0.90V. 

HSTL15 (High-Speed Transceiver Logic for 1.5V): Defined by IBM, a high-speed bus standard. It requires a 
reference voltage of 0.75V, a VCCIO of 1.5V and a termination voltage of 0.75V. 

HSUL12 (High-Speed Unterminated Logic for 1.2V): Defined by JESD8-22B, a high-speed bus standard. It 
requires a reference voltage of 0.6V, a VCCIO of 1.2V and a termination voltage of 0.6V. HSUL12 is used to improve 
high-speed data transmission bus power consumption. 

The differential output of Titan2 series products is divided into two types: true differential output and quasi- 
differential output: 

The true differential output is supported by a dedicated circuit with high performance, including LVDS_18, 
LVDS25, RSDS, MINI-LVDS, PPDS, TMDS. Differential pairs in the Titan2 series all support true differential 
output. 

The class differential output is realized on the basis of the LVCMOS output standard combined with the external 
resistance of the chip. The combination of COMP PAD and TRUE PAD driven by a single end is the complementary 
output mode. The class differential output mode is used to drive the complementary SSTL standard, HSTL standard, 
HSUL standard and BLVDS. 
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The differential I/O standards supported by the Titan2 series are listed in the table below: 


Table 4 Differential I/O Standards Supported by Titan2 Series HR BANK 


EE non IN/OUT Note BANK 

Output | Input support 
LVDS25 2.5 — 18/2.5/3.3 |IN/OUT eee A Yes 
RSDS 2.5 2.5 IN/OUT With internal termination resistor Yes 
MINI-LVDS 2.5 2.5 IN/OUT With internal termination resistor Yes 
PPDS 2.5 2.5 IN/OUT With internal termination resistor Yes 
TMDS 3.3 3.3 IN/OUT Open drain connection Yes 

Bidirectional multi-point drive input and output 
DESS 25 [25 [INOUTANOUT J rental method combined with extemal resistors The | Y°° 
input is connected in a differential manner 
SSTL18D_I 1.8 1.8 IN/OUT The output is implemented in a differential-like manner Yes 
SSTL18D II 1.8 1.8 IN/OUT/INOUT | The output is implemented in a differential-like manner Yes 
SSTL15D_I 1.5 1.5 IN/OUT The output is implemented in a differential-like manner Yes 
SSTL15D II 1.5 1.5 IN/OUT/INOUT | The output is implemented in a differential-like manner Yes 
HSTL18D_I 1.8 1.8 IN/OUT The output is implemented in a differential-like manner Yes 
HSTL18D II 1.8 1.8 IN/OUT/INOUT | The output is implemented in a differential-like manner Yes 
HSTLISD_I 1.5 1.5 IN/OUT The output is implemented in a differential-like manner Yes 
HSTL15D II 1.5 1.5 IN/OUT/INOUT | The output is implemented in a differential-like manner Yes 
HSUL12D 1.2 1:2 IN/OUT/INOUT | The output is implemented in a differential-like manner Yes 
Table 5 Differential I/O Standards Supported by Titan2 Series HP BANK 

: : VCCIO (V) Full HR 

Ee Output | Input ioa gas E 
LVDS_18 1.8 1.8 IN/OUT With internal termination resistor Yes 
MIPI 1.2 1.2 IN/OUT With internal termination resistor Yes 
SSTL18D I 1.8 1.8 IN/OUT/INOUT | The output is implemented in a differential-like manner Yes 
SSTL18D II 1.8 1.8 IN/OUT/INOUT | The output is implemented in a differential-like manner Yes 
SSTL15D_I 1.5 1.5 IN/OUT The output is implemented in a differential-like manner Yes 
SSTL15D II 1.5 1.5 IN/OUT/INOUT | The output is implemented in a differential-like manner Yes 
SSTL135D_I 1.35 1.35 IN/OUT/INOUT | The output is implemented in a differential-like manner Yes 
SSTL135D II 1.35 1.35 IN/OUT/INOUT | The output is implemented in a differential-like manner Yes 
SSTL12D 1.2 1.2 IN/OUT/INOUT | The output is implemented in a differential-like manner Yes 
HSTL18D_I 1.8 1.8 IN/OUT The output is implemented in a differential-like manner Yes 
HSTL18D II 1.8 1.8 IN/OUT/INOUT | The output is implemented in a differential-like manner Yes 
HSTL15D I 1.5 1.5 IN/OUT The output is implemented in a differential-like manner Yes 
HSTL15D II 1.5 1.5 IN/OUT/INOUT | The output is implemented in a differential-like manner Yes 
HSTL12D I 1.2 1.2 IN/OUT The output is implemented in a differential-like manner Yes 
HSULI2D 1.2 1.2 IN/OUT/INOUT | The output is implemented in a differential-like manner Yes 
POD12D 1.2 1.2 IN/OUT/INOUT | The output is implemented in a differential-like manner Yes 
SSTLISD I CAL 11.8 1.8 IN/OUT The output is implemented in a differential-like manner Yes 
SSTL18D II CAL |1.8 1.8 IN/OUT/INOUT | The output is implemented in a differential-like manner Yes 
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Full HR 


2 : VCCIO (V) 

S eeg Goen pen | OUT Note s 
SSTLISD I CAL 1.5 1.5 IN/OUT The output is implemented in a differential-like manner Yes 
SSTLISD II CAL |1.5 1.5 IN/OUT/INOUT | The output is implemented in a differential-like manner Yes 
SSTL135D I CAL } 1.35 1.35 IN/OUT/INOUT | The output is implemented in a differential-like manner Yes 
SSTL135D II CAL |1.35 1.35 IN/OUT/INOUT | The output is implemented in a differential-like manner Yes 
SSTLI2D CAL 1.2 1.2 IN/OUT/INOUT | The output is implemented in a differential-like manner Yes 
HSTL18D I CAL |1.8 1.8 IN/OUT The output is implemented in a differential-like manner Yes 
HSTL18D II CAL |1.8 1.8 IN/OUT/INOUT | The output is implemented in a differential-like manner Yes 
HSTL15D I CAL 1.5 1.5 IN/OUT The output is implemented in a differential-like manner Yes 
HSTL15D II CAL |1.5 1.5 IN/OUT/INOUT | The output is implemented in a differential-like manner Yes 
HSUL12D CAL 1.2 1.2 IN/OUT/INOUT | The output is implemented in a differential-like manner Yes 
PODI2D CAL 1.2 1.2 IN/OUT/INOUT | The output is implemented in a differential-like manner Yes 


Description: Level standard with CAL has resistance calibration function 


LVDS25 (Low Voltage Differential Signal): Differential standard, one data bit is transmitted through two signal 
lines, so it has inherent immunity to noise compared to single-ended I/O standards. The voltage swing between the two 
signal lines about 350mV. There is no need for reference voltage and termination voltage. The LVDS input terminal 
needs matching resistors. You can use discrete resistors on the PCB, or you can use the DIFF IN TERM MODE 
attribute to enable the chip's internal terminal matching resistors. 

RSDS (Reduced Swing Differential Signaling): A panel internal (intra-panel) bus interface standard, usually used in 
the display field. It defines the emission, reception characteristics and protocol of the chip-chip interface. RSDS input 
requires parallel termination resistors, you can use a discrete resistor on the PCB, or you can use the 
DIFF IN TERM MODE attribute to enable the chip's internal terminal matching resistor. 

MINI-LVDS is developed based on the LVDS interface standard. It is usually used in the field of flat panel display 
as the interface between the timing control module and the LCD. It has a smaller swing, generates very low 
electromagnetic interference, and can drive the display Provides high bandwidth. 

PPDS (Point-to-Point Differential Signaling): The next-generation LCD internal display interface standard. PPDS 
input requires parallel termination resistors, which can be discrete resistors on the PCB, or enable chip internal 
termination matching resistors through the DIFF IN TERM, MODE attribute. 

TMDS (Transition Minimized Differential Signaling): Over-modulated differential signal, also known as 
minimized transmission differential signal, applied to DVI, HDMI interface. 

BLVDS (Bus Low Voltage Differential Signaling): It is an output standard similar to the MLVDS standard 
proposed by NS (National Semiconductor), and it is also used as a case where bidirectional multi-point drive output input 
differential signals are required. The difference between the two is that, MLVDS is an industry standard. The differential 
amplitude of MLVDS is larger than that of BLVDS, and requires a higher current drive capability. I/O itself does not 
support BLVDS, and it needs to be realized with the complementary output principle of LVCMOS and external resistors 
on the chip. SSTL18D, SSTLISD, HSTL18D, HSTL15D, HSUL12D, POD12D and other differential outputs are 
implemented in a differential-like manner. 

Different I/O standards have different timings. The Pango Design Suite software tool will analyze the Timing 
timing of I/O, and the timing analysis report will include this information. 
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The I/O standard can be constrained in the FDC file or operated in the UCE interface of PDS by the following 


statement. 


define attribute (p:port name) (PAP IO STANDARD) { LVCMOS33 T 


4. I/O Supply Voltage Introduction 


According to the actual user design, the IO BUFFER is powered by a mixture of three main power supplies of 
the FPGA, which are VCC, VCCA and VCCIO. For the power supply voltage data, please refer to the 
"DS05001 Titan2 Series FPGA Device Data Sheet". 


> VCC 

VCC is the core voltage of HR BANK, which is mainly used to supply power to the control logic circuit of IO 
BUFFER and most of the circuits of IO LOGIC. When outputting data from the core, the control signal passes through 
the control logic of IO LOGIC and IO BUFFER so that the data signal is transmitted by The VCC power supply is 
converted to a higher power supply voltage; when inputting data to the core, the control signal passes through the 
control logic of the IO BUFFER and the IO LOGIC so that the data signal is converted from a high power supply 
voltage to a VCC power supply. 
> VCCA 

VCCA is the auxiliary power supply voltage, which is mainly used to power the differential output drive circuit, 
differential input circuit and input circuit with reference voltage applied in SSTL standard and HSTL standard. 
> VCCIO 

The VCCIO voltage is independently powered in each BANK, mainly for the single-ended output drive circuit 
and the ratio input circuit. Therefore, the characteristic values of the input and output standards powered by the 
VCCIO power supply will change with the VCCIO power supply voltage. 
> VCC_HP 

VCC_HP is the HP BANK core power supply voltage. 
> VCCA_IO 

VCCA 10 is the auxiliary power supply voltage of HP BANK, mainly used for differential output drive circuit 
> GND 

Although inside the I/O circuit, different power supply voltages may correspond to different grounds for layout 
planning and signal division, for example, VCCIO corresponds to VSSIO, VCCA corresponds to VSS, VCC 
corresponds to VSS, etc. But at the top level of the chip, all These I/O grounds are all connected to a common GND 


during the packaging process. 


5. BUS KEEPER Feature 


The main function of the BUS KEEPER circuit is to keep the current I/O data state until the next I/O data is 
valid. Each I/O has an independent BUS KEEPER function, usually with four programmable working modes, 
PULLUP, PULLDW, KPR and NONE. The BUS KEEPER feature can be edited in the FDC file or operated in the 
UCE of the PDS through the following statement. 


define attribute (p:port name) (PAP IO NONE} {TRUE} 
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6. Input Hysteresis Characteristics 


LVCMOS33/LVTTL33/LVCMO25/LVCMOS18/ LVCMOS15/ LVCMOS12 input standards can support input 
hysteresis characteristics. The input hysteresis characteristics can be edited in the FDC file by the following statement 


or operated in the UCE of PDS. 


define attribute (p:port name) (PAP IO HYS DRIVE MODE} {NOHYS} 


7. IO port status 


During power-on, all IOs including user IOs, multiplexed IO output buffers are disabled and are in a high- 
impedance state. 

After the power-on process is over, during the initialization process and programming process, the multiplexed 
IO pin IO STATUS C is used to control the port status of all user IOs. When the IO STATUS C input is low, the 
internal weak pull-up of the IO will be enabled. When the IO STATUS C input is High level, will disable IO internal 
weak pull-up, IO output high-impedance state. 

Enter the user mode after the programming process is over, and the user logic controls the input and output mode 
and port status of the user IO. If persist="on", the multiplexed IO is still used for configuration, if persist="off", the 


multiplexed IO is used for user IO. 


8. Input Buffer 


Each pin of the input terminal has two types of input buffers to meet the requirements of different input 
standards. The first type is LVCMOS single-ended buffer with power supply voltage VCCIO; the second type is input 
buffer with power supply voltage VCCA. The class input buffer can realize the input standard and differential input 


standard whose reference voltage determines the threshold. 


9. Buffer Reference Voltage VREF 


Input and output standards with a reference voltage, such as SSTL and HSTL standards, require a reference 
voltage to set the threshold. The reference voltage can be generated in two ways. The first way is to input an external 
test voltage through the I/O pin; the second the first method can be generated by the internal reference voltage 
generation circuit of the chip. In the first method, there are 2 dedicated I/Os in each BANK used as the input of the 
external VREF. In the second method, the reference voltage is generated by the chip internal the reference voltage 
generation circuit provides VREF reference voltage for all I/Os in the entire BANK to support the input and output 
standards that require a reference voltage. Each BANK will correspond to an internal reference voltage generation 
circuit, and the output of the reference voltage can be set by programming. The two methods of generating VREF 
reference voltage need to be set and selected through programming. As a dedicated IO for VREF input, if it is not used 
as a VREF pin, it can be used as a normal IO. 


Use the following statement to make constraints in the FDC file, or operate in the UCE interface of PDS. 
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define attribute (p:port name) (PAP IO VREF MODE VALUE) (0.5) 


10. Programmable output drive capability 
Table 6 HR BANK IO programmable output drive capability 


IO standard driver strength 
LVTTL33 4mA, 8mA, 12mA, 16mA, 24mA 
LVCMOS33/25 4mA, 8mA, 12mA, 16mA 
LVCMOS18 4mA, 8mA, 12mA, 16mA, 24mA 
LVCMOS15 4mA, 8mA, 12mA, 16mA 
LVCMOS12 4mA, 8mA, 12mA 
LVDS25 
Sene 3mA, 3.5mA, 4.0mA, 4.5mA 
MINI-LVDS 3mA, 4.0mA, 4.5mA, 5mA 
PPDS 2mA, 2.5mA, 3mA, 3.5mA 
TMDS 4.5mA, SmA 
BLVDS 4mA, 8mA, 12mA, 16mA 


Table 7 HP BANK IO Programmable Output Drive Capabilities 


IO standard driver strength 
LVCMOS18 2mA, 4mA, 6mA, 8mA, 12mA, 16mA 
LVCMOS15 2mA, 4mA, 6mA, 8mA, 12mA, 16mA 
LVCMOS12 2mA, 4mA, 6mA, 8mA 

LVDS_18 3mA, 3.5mA, 4.0mA, 4.5mA 


11. Open-Drain Control 


The single-ended output driver circuit of each IOB can independently support the Open-Drain function. That is, 
when the Open-Drain is output, the output driver circuit only includes the sink part, and does not provide the source 
current. 

The control of Open-Drain includes opening and closing, that is, ON and OFF. The control of Open-Drain can be 


constrained in the FDC file through the following statement, or constrained in the UCE interface of PDS. 


define attribute (p:port name) {PAP_IO OPEN DRAIN} {OFF} 


12. Three-state control output 


For IO BANK, in the output path of I/O, each single-ended output drive circuit has an independent three-state control circuit. In 
addition, a flag signal IO_STATUS_C is generated through a multiplexed I/O to control the port status of all I/O in the configuration 
process. When IO_STATUS_C=0, it means that the I/O of the configuration process is in three states; when IO STATUS C=1,it 
means that the I/O of the configuration process is in pull-up. The three-state control of the differential drive circuit adopts the three- 
state control of the single-ended output drive of TRUE pad. 
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13. Programmable slew rate 


According to the requirements of reducing output noise or improving high-speed output performance, the output 
driver of each I/O has a programmable slew rate control setting, which is used to provide output slew rate control for 
the output. The slew of each I/O The rate control is independent. The parameters that can be set for HR BANK IO are: 
"FAST" and "SLOW". The parameters that can be set for HP BANK IO are: "FAST", "MEDIUW" and "SLOW". 

The programmable slew rate can be constrained in the FDC file by the following statement, or constrained in the 


UCE interface of PDS. 


define attribute { p:port name ) (PAP IO SLEW} {FAST} 


14. Class Differential Output Implementations 


The BLVDS output buffer does not adopt the LVDS differential structure, but uses two LVCMOS single-ended 
output buffers plus an external resistor connection to realize the BLVDS output interface level. 
» Class differential output - BLVDS 

BLVDS is an output standard similar to the MLVDS standard proposed by NS (National Semiconductor), and it 
is also used as a situation where bidirectional multi-point drive output and input differential signals are required. The 
difference between the two is that MLVDS is an industry standard, and MLVDS's the differential amplitude is larger 
than that of BLVDS, and requires a higher current drive capability. I/O itself does not support BLVDS, and still needs 
to be implemented with the complementary output principle of LVCMOS and external resistors on the chip. The 
figure below shows the multi-point configuration of BLVDS the typical application situation. Among them, RO and 
R1 should be based on the perspective of circuit design and verification, and the reference value should be given under 
the condition of ensuring that the output level meets the standard requirements. R1280 ohms, R1=40~100 ohms, the 


exact specific values It depends on the actual chip test results given by the final product engineer. 


RO RO 
16mA e o + e ANV [e 16mA 
R1 R1 
2.5V 25V 
IN RO 
16mA (D 16mA 
RO i RO 
+ P>— 
2.5V 2.5V 
16mA 16mA 


Figure 8 Example of BLVDS point-to-point output 
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15. IO BUFFER's GTP basic prototype 


The software library of Pango Design Suite contains related GTP (General Technology Primitives) to support 
various I/O standards. The following GTP basic prototypes are the most common in single-ended I/O standards, and 


more GTP See "UG050007_Titan2 Series GTP User Guide". 


Table 8 GTP for single-ended I/O 


Single-ended input signal must go through INBUF, ó 
CIE INDU support IOBD, IOBS i 
GTP_INBUFG INBUFG Same as INBUF, input signal for clock i jo à 
input pin 
GTP OUTBUF Support single-ended output signal l => O 
I o 
GTP OUTBUFT | Used to achieve three-state output 
m" 
o 
10 
GTP_IOBUF Support single-ended input and output functions 
IC > 
" 


» GTP INBUF 


Port descriptions are as follows: 


Table 9 GTP. INBUF port description 


I IN Single-ended signal input 


O OUT Input buffer output, sent to the chip 


The parameter description is as follows: 


Table 10 GTP_INBUF parameter description 


IOSTANDARD See Table 11  |"LVCMOS33" | Input IO standard 


TERM DDR goe See Table 11 "ON" ~ standard input, the built-in termination resistor is 
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The optional configuration properties for parameters are as follows: 


Table 11 Parameter configuration list 


GTP INBUF 

IOSTANDARD TERM DDR 
LVTTL33 
PCI33 
LVCMOS33 
LVCMOS25 None 
LVCMOS18 
LVCMOS15 
LVCMOS12 
SSTL25 I OFF/ON 
SSTL25 II OFF/ON 
SSTLIS8 I OFF/ON 
SSTLIS II OFF/ON 
SSTL15 I OFF/ON 
SSTLI5 II OFF/ON 
HSTLI8 I OFF/ON 
HSTLIS8 II OFF/ON 
HSTLIS_I OFF/ON 
SSTL15 I CAL ON 
SSTL15 II CAL ON 
HSTL15 I CAL ON 
SSTL135 I OFF/ON 
SSTL135 II OFF/ON 
SSTLI2 OFF/ON 
HSTL12 I OFF/ON 
HSUL12 OFF/ON 
POD12 OFF/ON 
HSTL15 II OFF/ON 
SSTL18 I CAL ON 
SSTL18 II CAL ON 
SSTL15 I CAL ON 
SSTL15 II CAL ON 
HSTL18 I CAL ON 
HSTLI18 II CAL ON 
HSTL15 I CAL ON 
HSTL15 II CAL ON 
SSTL135 I CAL ON 
SSTL135 II CAL ON 
SSTLI2 CAL ON 
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HSTL12 I CAL ON 
HSUL12 CAL ON 
POD12 CAL ON 
LVCAL 15 
LVCAL 18 
HSLVCAL 15 ix 
HSLVCAL 18 


» GTP INBUFG 


Port descriptions are as follows: 


Table 12 GTP. INBUFG port description 


I IN PAD signal input 
O OUT Buffer output, sent to the chip 


The parameter description is as follows: 


Table 13 GTP INBUFG parameter description 


IOSTANDARD | string See Table 14 "LVCMOS33" Input IO standard 


HSTL, SSTL standard input, the built-in terminal resistor is 


TERM DDR string See Table 14 ON enabled or disabled 


The list of valid values for parameter configuration is as follows: 


Table 14 List of valid values of parameters 


LVCMOS33 

LVCMOS25 

LVCMOS18 None 
LVCMOS15 

LVCMOS12 

SSTL25 I OFF/ON 
SSTL25 II OFF/ON 
SSTL18 I OFF/ON 
SSTLIS II OFF/ON 
SSTLI5 I OFF/ON 
SSTL15_II OFF/ON 
HSTL18_I OFF/ON 
HSTL18 II OFF/ON 
HSTL15 I OFF/ON 
SSTLI5_I CAL ON 
SSTL15 II CAL ON 
HSTL15 I CAL ON 
SSTL135 I OFF/ON 
SSTL135 II OFF/ON 
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SSTLI2 OFF/ON 
HSTLI2 I OFF/ON 
HSULI2 OFF/ON 
PODI2 OFF/ON 
HSTLIS II OFF/ON 
SSTLI8 I CAL ON 
SSTLI8 II CAL ON 
HSTLI8 I CAL ON 
HSTLIS8 II CAL ON 
HSTLIS II CAL ON 
SSTLI35 I CAL ON 
SSTLI35 II CAL ON 
SSTLI2 CAL ON 
HSTLI2 I CAL ON 
HSUL12 CAL ON 
PODI2 CAL ON 
LVCAL 15 

LVCAL 18 

HSLVCAL 15 GER 
HSLVCAL 18 


> GTP OUTBUF 


Port descriptions are as follows: 


Table 15 GTP. OUTBUF port description 


Single-ended signal input 


OUT 


buffer output 


The parameter description is as follows: 


Table 16 GTP. OUTBUF parameter description 


IOSTANDARD string |See Table 17 "LVCMOS33" | Input IO standard 
SLEW RATE string |"SLOW","MEDIUM", "FAST" "SLOW" Slew rate 
DRIVE STRENGTH string |"2","4", "6", "8", "12", "16", "24" |"8" Drive current strength 


The list of valid values for the parameters is as follows: 


Table 17 List of valid values of parameters 
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LVTTTL FAST/SLOW "4", "8", "12", "16", "24" 

PCI33 None None 

LVCMOS33 FAST/SLOW "4", "8", "12", "16" 

LVCMOS25 FAST/SLOW "4", "8", "12", "16" 

LVCMOS18 FAST/SLOW/MEDIUM —|'"2", "4", "6", "8", "12", "16", "24" 
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GTP_OUTBUF 
IOSTANDARD SLEW_RATE DRIVE_STRENGTH 

LVCMOS15 FAST/SLOW/MEDIUM  |"2","4", "6", "8", "12", "16" 
LVCMOS12 FAST/SLOW/MEDIUM  |"2","4", "6", "8" 
SSTL18_I FAST/SLOW/MEDIUM _ | None 
SSTLI18 II FAST/SLOW/MEDIUM  |None 
SSTLIS I FAST/SLOW/MEDIUM  |None 
SSTLIS5 II FAST/SLOW/MEDIUM  |None 
SSTLI35 I FAST/SLOW/MEDIUM  |None 
SSTL135 II FAST/SLOW/MEDIUM  |None 
SSTL12 FAST/SLOW/MEDIUM __ | None 
HSTL18_I FAST/SLOW/MEDIUM __ | None 
HSTL18 II FAST/SLOW/MEDIUM _ | None 
HSTL15_I FAST/SLOW/MEDIUM _ | None 
HSTL15 II FAST/SLOW/MEDIUM _ | None 
HSTL12 I FAST/SLOW/MEDIUM _ | None 
HSUL12 FAST/SLOW/MEDIUM _ | None 
POD 12 FAST/SLOW/MEDIUM _ | None 
SSTLI8_I CAL FAST/SLOW/MEDIUM _ | None 
SSTL18 II CAL FAST/SLOW/MEDIUM _ | None 
SSTLI5 I CAL FAST/SLOW/MEDIUM  |None 
SSTLI5 II CAL FAST/SLOW/MEDIUM  |None 
SSTL135 I CAL FAST/SLOW/MEDIUM  |None 
SSTL135 II CAL FAST/SLOW/MEDIUM  |None 
SSTL12 CAL FAST/SLOW/MEDIUM  |None 
HSTL18 I CAL FAST/SLOW/MEDIUM  |None 
HSTL18 II CAL FAST/SLOW/MEDIUM  |None 
HSTL15 I CAL FAST/SLOW/MEDIUM _ | None 
HSTL15 II CAL FAST/SLOW/MEDIUM __ | None 
HSTL12 I CAL FAST/SLOW/MEDIUM _ | None 
HSUL12_CAL FAST/SLOW/MEDIUM _ | None 
POD12_CAL FAST/SLOW/MEDIUM __ | None 
LVCAL 15 FAST/SLOW/MEDIUM _ | None 
LVCAL_18 FAST/SLOW/MEDIUM _ | None 
HSLVCAL_15 FAST/SLOW/MEDIUM __ | None 
HSLVCAL 18 FAST/SLOW/MEDIUM _ | None 


> GTP_OUTBUFT 


Port descriptions are as follows: 


Table 18 GTP OUTBUFT port description 


Port Direction Functional description 
I IN Single-ended signal input 
O OUT buffer output 
T IN Enable signal, 1 is valid 


The parameter description is as follows: 
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Table 19 GTP OUTBUFT parameter description 


Name Type Valid values Defaults Functional description 
IOSTANDARD string | See Table 20 "LVCMOS33" Input IO standard 
SLEW RATE string |"SLOW" ,"MEDIUM", "FAST" "SLOW" Slew rate 
DRIVE STRENGTH string |"2","4", "6", "8", "12", "16", "24" "8" Drive current strength 


The list of valid values for the parameters is as follows: 


Table 20 List of Valid Values of Parameters 


GTP OUTBUFT 


IOSTANDARD SLEW RATE DRIVE. STRENGTH 
LVTTL33 FAST/SLOW "4", "8", "12", "16", "24" 
PCI33 None None 
LVCMOS33 FAST/SLOW "4", "8", "12", "16" 
LVCMOS25 FAST/SLOW "4", "8", "12", "16" 
LVCMOS18 FAST/SLOW/MEDIUM "2", "4", "6", "8", "12", "16", "24" 
LVCMOS15 FAST/SLOW/MEDIUM "2", "4", "6", "8", "12", "16" 
LVCMOS12 FAST/SLOW/MEDIUM "2", "4", "6", "8" 
SSTLI8 I FAST/SLOW/MEDIUM None 
SSTLIS II FAST/SLOW/MEDIUM None 
SSTLIS I FAST/SLOW/MEDIUM None 
SSTLIS II FAST/SLOW/MEDIUM None 
SSTL135 I FAST/SLOW/MEDIUM None 
SSTL135 II FAST/SLOW/MEDIUM None 
SSTLI2 FAST/SLOW/MEDIUM None 
HSTL18_I FAST/SLOW/MEDIUM None 
HSTLIS II FAST/SLOW/MEDIUM None 
HSTLI5 I FAST/SLOW/MEDIUM None 
HSTLIS II FAST/SLOW/MEDIUM None 
HSTLI2 I FAST/SLOW/MEDIUM None 
HSULI2 FAST/SLOW/MEDIUM None 
POD12 FAST/SLOW/MEDIUM None 
SSTLI8 I CAL FAST/SLOW/MEDIUM None 
SSTLI8 TI CAL FAST/SLOW/MEDIUM None 
SSTL15 I CAL FAST/SLOW/MEDIUM None 
SSTLI5 II CAL FAST/SLOW/MEDIUM None 
SSTL135 I CAL FAST/SLOW/MEDIUM None 
SSTL135 II CAL FAST/SLOW/MEDIUM None 
SSTLI2 CAL FAST/SLOW/MEDIUM None 
HSTLI18 I CAL FAST/SLOW/MEDIUM None 
HSTLI18 II CAL FAST/SLOW/MEDIUM None 
HSTLI5 I CAL FAST/SLOW/MEDIUM None 
HSTLIS5 II CAL FAST/SLOW/MEDIUM None 
HSTL12_I CAL FAST/SLOW/MEDIUM None 
HSULI2 CAL FAST/SLOW/MEDIUM None 
POD12 CAL FAST/SLOW/MEDIUM None 
LVCAL 15 FAST/SLOW/MEDIUM None 
LVCAL 18 FAST/SLOW/MEDIUM None 
HSLVCAL 15 FAST/SLOW/MEDIUM None 
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HSLVCAL 18 FAST/SLOW/MEDIUM None 


» GTP IOBUF 


Port descriptions are as follows: 


Table 21 GTP. IOBUF port description 


I IN Single-ended signal input 

O OUT The output of the input buffer is sent to the chip 
T IN Enable output buffer 

IO INOUT Input and output signals (inout) 


The parameter description is as follows: 


Table 22 GTP_IOBUF parameter description 


IOSTANDARD string | See Table 23 "LVCMOS33" | Input IO standard 

: MARTI w P HSTL, SSTL standard input, the built-in 
TERM DDE sung ONS OFF on terminal resistor is enabled or disabled 
SLEW_RATE string |"SLOW", "MEDIUM", "FAST" |"SLOW" Slew rate 
DRIVE STRENGTH [string |"4","6", "8", "12", "16", "24" "8" Drive current strength 


The list of valid values for the parameters is as follows: 


Table 23 List of valid values of parameters 


LVTTL33 FAST/SLOW None "4", "8", "12", "16", "24" 
PCI33 None None None 

LVCMOS33 FAST/SLOW None "4", "8", "12", "16" 
LVCMOS25 FAST/SLOW None "4", "8", "12", "16" 
LVCMOS18 FAST/SLOW/MEDIUM None "2", "4", "6", "8", "12", "16", "24" 
LVCMOS15 FAST/SLOW/MEDIUM None "2", "4", "6", "8", "12", "16" 
LVCMOS12 FAST/SLOW/MEDIUM None "2", "4", "6", "8" 

SSTLIS8 I FAST/SLOW/MEDIUM OFF/ON None 

SSTLIS II FAST/SLOW/MEDIUM OFF/ON None 

SSTLIS I FAST/SLOW/MEDIUM OFF/ON None 

SSTLIS II FAST/SLOW/MEDIUM OFF/ON None 

SSTL135 I FAST/SLOW/MEDIUM OFF/ON None 

SSTLI35 II FAST/SLOW/MEDIUM OFF/ON None 

SSTLI2 FAST/SLOW/MEDIUM OFF/ON None 

HSTLIS8 I FAST/SLOW/MEDIUM OFF/ON None 

HSTLIS II FAST/SLOW/MEDIUM OFF/ON None 

HSTLIS I FAST/SLOW/MEDIUM OFF/ON None 

HSTLIS II FAST/SLOW/MEDIUM OFF/ON None 

HSULI2 I FAST/SLOW/MEDIUM OFF/ON None 

HSUL12 FAST/SLOW/MEDIUM OFF/ON None 
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PODI2 FAST/SLOW/MEDIUM OFF/ON None 
SSTLI8_I CAL FAST/SLOW/MEDIUM ON None 
SSTL18 II CAL FAST/SLOW/MEDIUM ON None 
SSTLI5 I CAL FAST/SLOW/MEDIUM ON None 
SSTL15 II CAL FAST/SLOW/MEDIUM ON None 
SSTL135 I CAL FAST/SLOW/MEDIUM ON None 
SSTL135 II CAL FAST/SLOW/MEDIUM ON None 
SSTL12 CAL FAST/SLOW/MEDIUM ON None 
HSTL18 I CAL FAST/SLOW/MEDIUM ON None 
HSTL18 II CAL FAST/SLOW/MEDIUM ON None 
HSTL15 I CAL FAST/SLOW/MEDIUM ON None 
HSTL15 II CAL FAST/SLOW/MEDIUM ON None 
HSUL12 CAL FAST/SLOW/MEDIUM ON None 
POD12 CAL FAST/SLOW/MEDIUM ON None 
LVCAL 15 FAST/SLOW/MEDIUM None None 
LVCAL 18 FAST/SLOW/MEDIUM None None 
HSLVCAL 15 FAST/SLOW/MEDIUM None None 
HSLVCAL 18 FAST/SLOW/MEDIUM None None 


The table below lists the most commonly used GTPs for differential I/O. 


Table 24 GTP for Differential VO 


Support differential input drive function, 
INBUFDS has 2 inputs I and IB, respectively 


— > 
SEH representing the P-channel input pin and N- IB 
y : . : : c> = 
channel input pin of the differential pair 
5] + 
o 
GTP INBUFGDS Supports differential input for clock — 


GTP_IOBUFDS 


Support true differential input and output 


GTP_OUTBUFCO_El 


HP IO support class differential output drive 
function 
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HP IO supports class differential output drive 


STE, OUTBUFICO EI function and tri-state output 


Support true differential output function. 
GTP OUTBUFDS Supported IO input standards are: "LVDS", 
"MINI-LVDS" and "TMDS" 


Support true differential output function. 
GTP_OUTBUFIDS Supported IO input standards are: "LVDS", 
"MINI-LVDS", "TMDS" 


HP IO supports single-ended input, differential- 


GTP IOBUFCO El 
= > like output drive function 


> GTP INBUFDS 


Port descriptions are as follows: 


Table 25 GTP. INBUFDS port description 


I IN Non-inverting differential input 
IB IN Inverting differential input 
O OUT Differential output, sent to the chip 


The parameter description is as follows: 


Table 26 GTP INBUFDS parameter description 


IOSTANDARD string |See Table 27 |LVDS Input IO standard 


TERM_DIFF string |See Table 27 |ON For differential input, the built-in terminal resistor is enabled or disabled 


The list of valid values for the parameters is as follows: 
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Table 27 List of valid values for parameters 


LVDS 18 OFF/ON 
LVDS OFF/ON 
MINI-LVDS OFF/ON 
SUB-LVDS OFF/ON 
TMDS OFF/ON 
PPDS OFF/ON 
RSDS OFF/ON 


LVDS 18 OFF/ON 
LVDS OFF/ON 
MINI-LVDS OFF/ON 
SUB-LVDS OFF/ON 
TMDS OFF/ON 
PPDS OFF/ON 
RSDS OFF/ON 


v 


GTP INBUFGDS 


Port descriptions are as follows: 


Table 28 GTP. INBUFGDS port description 


I IN Non-inverting differential input 


E 
Z 


Inverting differential input 


O OUT Differential output, sent to the chip 


The parameter description is as follows: 


Table 29 GTP INBUFGDS parameter description 


IOSTANDARD [string | See Table 30 |LVDS Input IO standard 
TERM DIFF [string |See Table 30 [ON For differential input, the built-in terminating resistor is turned on or off 


The list of valid values for the parameters is as follows: 


Table 30 List of Valid Values for Parameters 


LVDS 18 OFF/ON 
LVDS OFF/ON 
MINI-LVDS OFF/ON 
SUB-LVDS OFF/ON 
TMDS OFF/ON 
PPDS OFF/ON 
RSDS OFF/ON 
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» GTP IOBUFDS 


Port descriptions are as follows: 


Table 31 GTP. IOBUFDS port description 


I IN Single-ended signal input 

O OUT Input buffer output, sent to the chip 
T IN Enable signal 

IO INOUT IO PADs 

IOB INOUT IO's PAD, opposite to IO's value 


The parameter description is as follows: 
Table 32 GTP. IOBUFDS parameter description 
"LVDS", "MINI-LVDS", "PPDS", 


IOSTANDARD string |"RSDS", "SUB-LVDS", "TMDS", |LVDS ` Input IO standard 
"LVDS_18" 


For standard input such as LVDS, the built-in 


TERM DIEF string | "ON", "OFF ON differential termination resistor is turned on or off 


> GTP OUTBUFCO EI 


Port descriptions are as follows: 


Table 33 GTP. OUTBUFCO El port description 


I IN The first IO single-ended signal input 

IB IN The second IO single-ended signal input, its value is the inverse of I 
O INOUT PAD of the first IO 

OB INOUT The PAD of the second IO, its value is the inverse of IO 


The parameter description is as follows: 


Table 34 GTP. OUTBUFCO El parameter description 


"SSTL18D I", "SSTLISD II", "SSTL15D I', 
"SSTLISD II", "SSTL135D I", "SSTL135D IT", 
"SSTL12D", "HSTL15D I", "HSTL15D II", 
"HSTL18D I", "HSTLISD IT", "HSTL12D I", 
"HSUL12D", "POD12D", "SSTL18D I CAL", 
"SSTL18D II CAL", "SSTL15D I CAL", 
"SSTLISD II CAL", "SSTL135D I CAL", 
"SSTL135D II CAL", "SSTL12D CAL", 
"HSTL15D I CAL", "HSTLISD II CAL", 
"HSTL18D I CAL", "HSTL18D II CAL", 
"HSTL12D I CAL", "HSUL12D CAL", 
"POD12D CAL" 


IOSTANDARD | string POD12D Input IO standard 


> GTP OUTBUFTCO El 
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Port descriptions are as follows: 


Table 35 GTP. OUTBUFTCO El port description 


I IN Single-ended signal input 

IB IN Single-ended signal input, its value is the inverse of I 

T IN Enable output buffer 
TB IN Enable output buffer 

O OUT PAD of the first IO 
OB OUT The PAD of the second IO, its value is the opposite of O 


The parameter description is as follows: 


Table 36 GTP. OUTBUFTCO El parameter description 


"SSTLI8D I", "SSTLI8D II", "SSTLISD I", 
"SSTLISD II", "SSTL135D I", "SSTL135D II", 
"SSTL12D", "HSTLISD I", "HSTLI5D II", 
"HSTLI8D I", "HSTLI18D II", "HSTL12D I", 
"HSULI2D", "POD12D", "SSTLI8D I CAL", 
"SSTLI8D II CAL", "SSTLISD I CAL", 
IOSTANDARD [string "SSTLISD II CAL", "SSTL135D I CAL", 
"SSTL135D II CAL", "SSTLI2D CAL", 
"HSTLISD_1 CAL", "HSTLISD II. CAL", 
"HSTLI8D I CAL", "HSTLISD II. CAL", 
"HSTLI2D I CAL", "HSULI2D CAL", 
"PODI2D CAL" 


PODI2D Input IO standard 


» GTP OUTBUFDS 


Port descriptions are as follows: 


Table 37 GTP. OUTBUFDS port description 


I IN Single-ended signal input 
O OUT Differential P-side output 
OB OUT Differential N-terminal output 


The parameter description is as follows: 


Table 38 GTP OUTBUFDS parameter description 


IOSTANDARD string "LVDS", "MINI-LVDS", "SUB-LVDS", LVDS Input IO standard 
"TMDS", "RSDS", "PPDS", "LVDS 18" 


> GTP OUTBUFTDS 


Port descriptions are as follows: 
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Table 39 GTP. OUTBUFTDS port description 


I IN Single-ended signal input 

O OUT PAD of the first IO 

OB OUT The PAD of the second IO, its value is the inverse of the first IO 
T IN enable signal 


The parameter description is as follows: 


Table 40 GTP_OUTBUFTDS parameter description 


e "LVDS", "MINI-LVDS", "SUB-LVDS", 
IOSTANDARD | string "TMDS", "RSDS", "PPDS", "LVDS 18" LVDS Input IO standard 


» GTP IOBUFCO EI 


Port descriptions are as follows: 


Table 41 GTP. IOBUFCO El port description 


I IN The first IO single-ended signal input 

IB IN The second IO single-ended signal input 

O OUT PAD of the first IO 
OB OUT The PAD of the second IO, its value is the inverse of IO 


The parameter description is as follows: 


Table 42 GTP_IOBUFCO_E1 parameter description 


IOSTANDARD | See Table 43, Table 44 | DEFAULT = POD12D  |Input IO standard 


TERM DDR — |"ON". "OFF" "ON" HSTL, SSTL standard input, the built-in terminal resistor is 
enabled or disabled 


Table 43 GTP. IOBUFCO El parameter valid value list (Titan2 HPIO) 


SSTLISD I OFF/ON 
SSTL18D II OFF/ON 
SSTLISD_I OFF/ON 
SSTL15D II OFF/ON 
SSTL135D I OFF/ON 
SSTL135D II OFF/ON 
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SSTLI2D OFF/ON 
HSTLI2D I OFF/ON 
HSTLISD I OFF/ON 
HSTL15D II OFF/ON 
HSTL18D I OFF/ON 
HSTL18D II OFF/ON 

HSULI2D OFF/ON 

POD12D OFF/ON 

SSTLISD I CAL ON 
SSTLISD II CAL ON 
SSTL15D I CAL ON 
SSTLI5D II CAL ON 
SSTL135D I CAL ON 
SSTL135D II CAL ON 

SSTLI2D CAL ON 
HSTL12D I CAL ON 
HSTL15D I CAL ON 
HSTL15D II CAL ON 
HSTL18D I CAL ON 
HSTL18D II CAL ON 
HSUL12D CAL ON 

POD12D CAL ON 


Table 44 GTP. IOBUFCO El parameter valid value list (Titan2 HRIO) 


SSTL18D I OFF/ON 
SSTLISD II OFF/ON 
SSTLISD I OFF/ON 
SSTLISD II OFF/ON 
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GTP IOBUFCO El (Titan2 HRIO) 

IOSTANDARD TERM DDR 

SSTLI35D I OFF/ON 

SSTL135D II OFF/ON 

HSTL15D I OFF/ON 

HSTL15D II OFF/ON 

HSTL18D I OFF/ON 

HSTL18D II OFF/ON 

HSULI2D OFF/ON 


16. IO SSN 


SSN (Simultaneous Switching Noise) is synchronous switching noise, which is mainly introduced by the 
power distribution network and mutual inductance crosstalk, which will produce a certain voltage drop at high 
level and a certain ground bounce at low level. 1/O standard tolerance, it may be considered as an effective 
signal inversion, resulting in a functional error of the system. The I/O resources of the FPGA chip are 
distributed in each bank, and each bank has its own independent power distribution network, the impact of 
SSN noise in different banks is different. In addition, the I/O Standard and the number of I/Os in the bank will 
also affect the SSN noise in the bank. 

The Pango Design Suite software includes Pango SSN Analyzer (referred to as PNA) and Pango SSN 
Estimator (referred to as PNE). The PNA analysis tool combines the I/O pin information assigned by the user 
in the IO Planner and the voltage characteristics of each bank to predict Analyze the SSN noise interference of 
each I/O port in the bank, and evaluate the size of its margin, so that users can understand the potential SSN 
noise risk in the design. For details, see "Pango SSN Analyzer User Manual V1.0". PNE main application In 
the early design stage of PCB, users can adjust the I/O allocation of desige according to the estimated SSN 
results. PNE software can estimate the worst-case noise of high and low levels of remote victim pins when 
multiple aggressor I/Os are switched at the same time, see "Pango SSN Estimator User Manual V1.0" for 


details. 
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(3) IO LOGIC 


This section mainly describes the IOL part of Titan2 series products. 
The IOL is between the IOB and the internal logic of the FPGA, and performs some processing on the data before entering or 
outputting from the FPGA. The IOL includes input and output delay chain units, input logic (ILOGIC) and output logic (OLOGIC). 


ODELAY OLOGIC 


The structure is shown in the following block diagram. 


Figure 9 IOL block diagram 


1. Input and output delay chain unit 


Each I/O PAD contains an IO DELAY unit, which can be used for input or output delay. For HR BANK, the 
maximum input delay is 2.47ns, and the maximum output delay is 635ps. For HP BANK, the maximum input delay is 
2.226ns, and the maximum output delay is the delay is 571.5ps, which can provide static configuration or dynamic 
adjustment DELAY mode. IO DELAY is often used to adjust the sampling window or adjust the output timing. 

The PDS software provides special primitives for the use of input and output delay chains. For HR BANK, the 
input delay chain primitive is GTP_IODELAY_E2 or GTP ZEROHOLDDELAY, and the output delay chain 
primitive is GTP. IODELAY E2. For HP BANK input and output delay the chain primitive is GTP. IODELAY Ei 
GTP IODELAY E2 is used for the delay of all bank clocks and data, and GTP ZEROHOLDDELAY is only used for 
the delay of HR BANK data. The following is the structure diagram of the two. 


DI 


DELAY SEL 
DO 


DELAY STEP[7:0 
EN N 


Figure 10 GTP. IODELAY E2 structure diagram 


DI DO 


Figure 11 GTP ZEROHOLDDELAY structure diagram 
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GTP IODELAY E? is instantiated in Verilog as follows: 


GTP IODELAY E2 #( 
.DELAY STEP VALUE ('500000000), 
DELAY STEP SEL("PARAMETER"), 


.TDELAY EN ("FALSE") 

) <InstanceName> ( 
.DELAY STEP (DEI AY STEP) 
- DO (DO), 
.DELAY SEL (DELAY SEL), 
„DI (DI), 

EN N(EN N) 


The parameters and signals of the GTP_IODELAY_E2 prototype module are described as follows: 


Table 45 GTP_IODELAY_E2 port description 


Port Signal Input/Output Width Description 
DI Input I bit Input data 
DELAY SEL Input 1 bit Step mode selection, when DELAY SEL is 0, 


HR IO input, output delay is delayed by 5ps per 
STEP, HP IO input, output delay is delayed by 
4.5ps per STEP; when DELAY SEL is 1, HR IO 
input delay is delayed by each STEP 10ps, HR 
IO output delay is 5ps per STEP, HP IO input 
delay is 10ps per STEP, HP IO output delay is 
4.5ps per STEP. 


DELAY STEP Input 8 bit Delay step size, the actual maximum effective 
value for input delay is 8'd247, and the 
maximum effective value for output delay is 
8'd127, the input type must be gray code 


EN_N Input 1bit Active low signal 


DO Output 1 bit Data output 


Note: STEP is a typical value 


Table 46 GTP_IODELAY_E2 parameter description 


Name Type Settings Defaults Functional description 
"PARAMETER" "PARAMETER": select static configuration; 
DELAY_STEP_SEL String "PARAMETER" 
"PORT" "PORT": dynamic configuration 


idelay delay control code static configuration 


DELAY STEP VALUE | Constant | 8'h00-8'hF7 8'h00 
(Gray code) 


"FALSE" 
TDLY String "FALSE" "TRUE": Map Titan2 HPIO Tdelay function 
"TRUE" 


GTP_ZEROHOLDDELAY is instantiated in Verilog as follows: 
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GTP ZEROHOLDDELAY # ( 
.ZHOLD SET ("NODELAY") 

) <InstanceName> ( 

.DO (DO), 

.DI (DI) 
); 


Table 47 GTP. ZEROHOLDDELAY port description 


DI Input I bit Data input 


DO Output I bit Data output 


Table 48 GTP. ZEROHOLDDELAY parameter description 


"NODELA Y", "100ps", "200ps", "300ps", 
"400ps", "500ps", "600ps", "700ps", "800ps", 
"900ps", "1000ps", "1 100ps", "1200ps", 
"1300ps", "1400ps", "1500ps" 


ZHOLD SET String "NODELAY" zeroholddelay delay value 


2. Input Logic 


The input logic of the IOL is used to process the received high-speed data and realize the conversion of high- 
speed serial data into parallel data. In order to realize the serial-to-parallel conversion function in the IOL, for HR 
BANK and HP BANK, PDS provides the GTP. ISERDES E2 primitive, and GTP. ISERDES E2 is used as input Data 
processing in the direction, support directly input and output, iLatch, IDFF, networking SDR/DDR, Oversample, Low- 
Speed Memory DDR, High-Speed Memory DDR, and support SDR1TO2, SDR1TO3, SDR1TO4, SDRITOS, SD 
RITO6, SDRITO7, SDRITOS, DDRITO2 SAME PIPELINED, DDRITO2 SAME EDGE, 
DDRITO2 OPPOSITE EDGE, DDRITO4, DDRITO6, DDR1TO8, DDR1TO10, DDR1TO14, HMDDRITO4, 
HMDDR1TO8, LMDDRITO4, LMDDRITOS and OVERSAMPLE mode rate conversion. The structure diagram is 


as follows: 


DI 


BITSLIP 
ISHIFTINO 
ISHIFTINI ISHIFTOUTO 
IFIFO WADDR 
BE ISHIFTOUTI 
RST 
DESCLK 
ICLKDIV 
ICLK 
ICLKB 
OCLK 
[CEO 
ICE] 


RX DATA[7:0] 


Figure 12 GTP_ISERDES_E2 structure diagram 
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GTP_ISERDES_E2 is instantiated in Verilog as follows: 


GTP ISERDES E2 + ( 
. ISERDES MODE ("SDR1TO4"), 
.GRS EN("TRUE"), 
„CASCADE MODE ("MASTER"), 
.BITSLIP EN("FALSE"), 
.NUM_ICE (0), 
.GRS TYPE 00 ("RESET"), 
.GRS TYPE QI ("RESET"), 
.GRS TYPE 0Q2("RESET") 
.GRS TYPE Q3("RESET"), 

( 

( 

( 


Lă 


.LRS TYPE QO("ASYNC RESET"), 
.LRS TYPE Ol("ASYNC RESET" 
.LRS TYPE Q2 ("ASYNC RESET" 
.LRS TYPE 03 ("ASYNC RESET"), 
.HPIO("FALSE") 

) «InstanceName» ( 

.DO (DO), 

.IFIFO RADDR(IFIFO RADDR) , 
.IFIFO WADDR(IFIFO WADDR) , 

. ISHIFTOUTO (ISHIFTOUTO), 
SHIFTOUT1(ISHIFTOUTI1), 
.BITSLIP(BITSLIP), 

. DESCLK (DESCLK), 

.DI (DI), 

. [CEO (ICEO) , 

„ICE (ICEL), 

CLK(ICLK), 

.ICLKB(ICLKB), 

CLKDIV (ICLKDIV), 

. ISHIFTINO(ISHIFTINO), 
.ISHIFTINI1 (ISHIFTIN1), 
.OCLK(OCLK), 

. RST (RST) 

); 


, 


, 


) 
) 
) 
) 


GTP ISERDES E2 is usually used together with GTP INBUF, GTP INBUFG, GTP INBUFDS and 
GTP INBUFGDS. 


Table 49 GTP. ISERDES EI parameter description 


HPIO String | "TRUE" "FALSE"| "FALSE" "TRUE" maps to HPIO, "FALSE" maps to HRIO 


ISERDES MODE String "SDRITO2" SDRITO4 |"SDRITO2": networking SDR 1:2 deserialization mode 
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"SDRITO3" 


"SDRITO4" 


"SDRITOS" 


"SDRITO6" 


"SDRITO7" 


"SDRITO8" 


"ILATCH" 


"IDFF" 


"DDR1TO2_SAME_PIPELINED" 


"DDR1TO2_SAME_EDGE" 


"DDR1TO2_OPPOSITE_EDGE" 


"DDRITO4" 


"DDR1TO6" 


"DDRITOS" 


"DDRITOIO " 


"DDRITO14" 


"SDRITO3": 


"SDRITO4": 


"SDRITOS": 


"SDRITO6": 


"SDRITO7": 


"SDRITOS": 


networking SDR 1:3 deserialization mode 


networking SDR 1:4 deserialization mode 


networking SDR 1:5 deserialization mode 


networking SDR 1:6 deserialization mode 


networking SDR 1:7 deserialization mode 


networking SDR 1:8 deserialization mode 


"ILATCH" Latch input mode 


"IDFF" register input mode 


"DDRITO2 same piplelined": networking DDR 1:2 


same pipelined deserialization mode 


"DDRITO2 SAME EDGE": networking DDR 1:2 
SAME EDGE deserialization mode 


"DDRITO2 OPPOSITE EDGE": networking DDR 1:2 
OPPOSITE EDGE deserialization mode 


"DDRITO4": networking DDR 1:4 deserialization mode 


"DDRITO6": networking DDR 1:6 deserialization mode 


"DDRITOS": networking DDR 1:8 deserialization mode 


"DDRITO10": networking DDR 1:10 deserialization mode 


"DDRITOI4": networking DDR 1:14 deserialization mode 
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Name Type Settings Defaults Functional description 
"HMDDR1T04": High-Speed Memory 
"HMDDRITO4" 
DDR 1:4 deserialization mode 
"HMDDRITOB8": High-Speed Memory 
"HMDDRI1TO8" 
DDR 1:8 deserialization mode 
"LMDDR1TO4": Low-Speed Memory 
"LMDDRITO4" 
DDR 1:4 deserialization mode 
"LMDDRITOS": Low-Speed Memory 
"LMDDRITOS$" 
DDR 1:8 deserialization mode 
"OVERSAMPLE "OVERSAMPLE" deserialization mode 
"MASTER" 
CASCADE MODE String "MASTER" Deserialized cascaded master mode 
"SLAVE" 
"FALSE" 
BITSLIP EN String "FALSE" bitslip enable 
"TRUE" 
"TRUE" 
GRS EN String "TRUE" Global reset/set enable 
"FALSE" 
1°b0 
NUM_ICE Constance T 1’b0 ice number selection 
"RESET" DFFO global asynchronous reset/set result 
GRS_TYPE_Q0 String "RESET" 
"SET" in ILOGIC gear; 
"RESET" DFF) global asynchronous reset/set result 
GRS TYPE QI String "RESET" 
"SET" in ILOGIC gear; 
"RESET" DFF2 global asynchronous reset/set result 
GRS TYPE Q2 String "RESET" 
"SET" in ILOGIC gear; 
"RESET" DFF3 global asynchronous reset/set result 
GRS TYPE Q3 String "RESET" 
"SET" in ILOGIC gear; 
"ASYNC RESET" 
DFFO local 
"ASYNC SET" 
LRS TYPE QO String "ASYNC RESET" |asynchronous/synchronous/reset/set result 
"SYNC RESET" 
in ILOGIC gear 
"SYNC SET" 
"ASYNC RESET" DFFI local asynchronous/ synchronous/ 
LRS TYPE QI String "ASYNC RESET" 
"ASYNC SET" reset/set result in ILOGIC gear 
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Name Type Settings Defaults Functional description 
"SYNC_RESET" 
"SYNC_SET" 
"ASYNC_RESET" 
"ASYNC_SET" DFF2 local async/sync/reset/set result in 
LRS_TYPE_Q2 String "ASYNC_RESET" 
"SYNC_RESET" ILOGIC gear 
"SYNC_SET" 
"ASYNC_RESET" 
"ASYNC_SET" DFF3 local async/sync/reset/set result in 
LRS_TYPE_Q3 String "ASYNC_RESET" 
"SYNC_RESET" ILOGIC gear 
"SYNC_SET" 


Note: For the use of HMDDR and LMDDR modes in the table, when the rate is equal to or greater than 500Mbps, HMDDR mode 
must be used; when the rate is less than 500Mbps, both HMDDR mode and LMDDR mode can be used. 


Table 50 GTP_ISERDES_E2 port description 


Port Signal Input/Output Description 

DI Input Data input 

BITSLIP Input Data input 

ISHIFTINO Input Cascade input signal 

ISHIFTIN1 Input Cascade input signal 

IFIFO_WADDR Input FIFO write address DOS falling edge trigger (Gray code) 

IFIFO RADDR Input FIFO read address (Gray code) 

RST Input ILOGIC's local reset signal (need to be valid for at least two ICLKDIV clock 
cycles), active high 

DESCLK Input ILOGIC deserialization high-speed clock (DESCLK and ICLKDIV are 
synchronous clocks) 

ICLKDIV Input ILOGIC low speed clock 

ICLK Input ILOGIC Level I High Speed Clock 

ICLKB Input ILOGIC first-level high-speed clock reverse input (only as an emulation port, 
software does not map) 

OCLK Input OLOGIC output stage high speed clock 

ICEO Input Clock enable signal for ILOGIC 

ICE1 Input Clock enable signal for ILOGIC 

DO Output Output signal after deserialization 

ISHIFTOUTO Output Cascade output signal 
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Port Signal Input/Output Description 
ISHIFTOUTI | Output | Cascaded output signal 
Direct Input 


The following describes the input logic configuration as direct input mode, which is divided into two modes: 


register input and latch input. 


IDFF 
When the Input logic is configured as IDFF mode, its function diagram can be simplified as the following 


diagram. 


RST 


i 0 Xa 5 Xe X4 Xs XI —X8 TIE 
pda 0 Xa— T Xs Xd Xe X1 —X8 TG 


Figure 14 IDFF Timing Diagram 


ILATCH 
When the Input logic is configured as ILATCH mode, its function diagram can be simplified to the following 


diagram. 


Figure 15 ILATCH Function Diagram 
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RST 


DI 


ICLK 


RX_DATA[O] 


IDDR 


l 


a o 
å Ó 
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5 6 1 8 9 10 


Or Xa Xb: Ac. Adi Xe. Ai: Ko Xh 


0 ta Ab KE: Ad Xe Xf  Xg Xh 


Figure 16 ILATCH Timing Diagram 


GTP IDDR EI is a data deserializer, its structural block diagram is shown below, it supports OPPOSITE EDGE, 
SAME EDGE, SAME PIPELINED modes. 


Figure 17 GTP IDDR El Structure Diagram 


The Verilog instantiation of GTP IDDR El is as follows: 


„ID 
«RS 


DDR El 


# ( 


DR_MODE ("OPPOSITE EDGE 


S EN("TRUE"), 


TYPE ("ASYNC RES ET") 
) clústanceÑames ( 
-Q0 (00), 
-Q1 (01), 
„CE (CE), 
.CLK(CLK), 
.D(D), 
«RS (RS) 
i 
Table 51 GTP IDDR EI port description 
Port Signal Input/Output Width Description 
D Input 1 Data Input 
CE Input 1 Clock Enable 
RS Input 1 Set/Reset 
CLK Input 1 System Clock 
Q0 Output 1 Deserialized output 
QI Output 1 Deserialized output 
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Table 52 GTP. IDDR, EI parameter list description 


"SAME PIPLELINED": DDR 1:2 same pipelined 
deserialization mode 
"SAME PIPELINED" N Si . 
IDDR MODE | string "SAME EDGE" "OPPOSITE EDGE" Heg TIR SAME EDGE 
"OPPOSITE EDGE" deserialization mode 
z "OPPOSITE_EDGE": DDR 1:2 OPPOSITE_EDGE 
deserialization mode 
, d. Reset/Set Mode Selection: Synchronous Set, 
RS_TYPE string "SYNC RESET" "ASYNC RESET" | Asynchronous Set, Synchronous Reset, 
"ASYNC RESET" Asynchronous Reset 
GRS_EN string Se "TRUE" Global reset enable 
1 2 3 4 5 6 7 8 9 


RS \ 


ao 0 (a Xe Xe Xo Xi Xk Am 
Q1 0 (b: Xd: rr. Xh: MEE 


Figure 18 GTP. IDDR E1 OPPOSITE EDGE Mode Timing Diagram 


Br E AA N a NE NM NC DN. 
o 0 XaXbXeXdXeXxfXo9XxnxiXjXkx 1 Xm xn 


CLK 


ao 0 a ke Xe Xg Xi Xk Am 
Q1 D Ah Xa Af: Ah Xj: X! 


Figure 19 GTP. IDDR EI SAME EDGE Mode Timing Diagram 
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1 2 3 4 5 6 7 8 9 
RS J AE E IA ERE E RESE E 


0 


D 


ao 
o 
Figure 20 GTP. IDDR EI SAME_PIPELINED Mode Timing Diagram 
ISERDES 


The following describes the different working modes of Input logic configured as ISERDES. 


SDRITO2 


When the Input logic is configured as SDR1TO2 mode, its function diagram can be simplified to the following 


diagram. 
DI DI 
BITSLIP BITSLIP 
ICLKDIV 
ICLK 
RST RST 


RST N EE EE EE EE EEE EE EE E E EE À— 
DI 
we, Of LP 1o LP LO Ee Le 1f L4 1$ Lo LS 
uum 1-5 se e LEST LEE ETE LIS T : 
CA C HENCE RE IS IE S l Xa O MEN Ne ENE IET Ei 
RX DATA] C : —: : : : : X0 : : Xb : : Xd : : Xf; :; N h 


BITSLIP 


Figure 22 SDRITO2 Timing Diagram 
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SDRITO3 


When the Input logic is configured as SDRITO3 mode, its function diagram can be simplified to the following 


diagram. 


DI DI 
BITSLIP BITSLIP 
ICLKDIV > ICLKDIV DO[2:0] RX DATA[2:0] 
ICLK 


RST RST 


Figure 23 SDR1TO3 Function Diagram 


RST 


DI 


ei i 3 FEN 3 3-0. NE A E 
RX DATA[2:0] 000 X 00a X bed X efg 


BITSLIP 


Figure 24 SDR1TO3 Timing Diagram 


SDR1T04 


When the Input logic is configured as SDR1TO4 mode, its function diagram can be simplified to the following 
diagram. 


DI DI 

BITSLIP BITSLIP 

ICLKDIV RX_DATA[3:0] 
ICLK 
RST 


Figure 25 SDR1TO4 Function Diagram 
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RST Ñ 

d 
EE ee ee A NE EN ES E EE EE 
RX DATARO oi 


BITSLIP 


Figure 26 SDR1TO4 Timing Diagram 


SDRITO5 


When the Input logic is configured as SDRITOS mode, its function diagram can be simplified as the following 


diagram. 
DI DI 
BITSLIP BITSLIP 
ICLKDIV 
ICLK 
RST 
" 1 2 3 4 5 6 7 8 9 10 11 12 13 
DI 0 a b c d e f h i j k 


ICLKDIV TA AA EE a VE Mum AC NN EE 
RX_DATA[4:0] X 00000 X 000ab 


BITSLIP 


Figure 28 SDRITOS Timing Diagram 
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SDRITO6 


When the Input logic is configured as SDR1TO6 mode, its function diagram can be simplified as the following 


diagram. 
DI DI 
BITSLIP BITSLIP 
ICLKDIV RX DATA[5:0] 
ICLK 
RST RST 
Figure 29 SDR1TO6 Function Diagram 
DI FOSO Xa: Xb: Xe: Xd: Xe Xt Xg X" XU XI Xk : 


ICLK 4 4 4 4 4 4 4 4 4 4 4 4 


ICLKDIV 4 4 
RX DATA[5:0] 000000 000abc 
BITSLIP 


Figure 30 SDRITO6 Timing Diagram 


SDR1TO7 


When the Input logic is configured as SDR1TO7 mode, its function diagram can be simplified to the following 


diagram. 


DI DI 
BITSLIP BITSLIP | 
ICLKDIV k ICLKDIV  DOL6:0] RX DATA[6:0] 
ICLK 


RST RST 


Figure 31 SDR1TO7 Function Diagram 
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RST N 
DI o Xa Xb Xe Xd: Xe Xf Xg Xh Xi Xi Kk 
ICLK 4 4 4 4 4 4 4 4 4 4 4 4 


ICLKDIV 4 4 
RX_DATA[6:0] X 0000000 A  0000abc 


BITSLIP 


Figure 32 SDR1TO7 Timing Diagram 


SDRITOS 


When the Input logic is configured as SDR1TO8 mode, its function diagram can be simplified to the following 


diagram. 


DI DI 
BITSLIP BITSLIP 
ICLKDIV > ICLKDIV ` DO[7:0 RX DATA[7:0] 


ICLK 
RST RST 


Figure 33 SDRITOS Function Diagram 


1 2 3 4 5 6 T 8 9 10 11 12 13 


RST N 

Di O Xa Xo Xe Xd Xe Xt Xe Xh Xi XE Xk 
ICLK UE JNE T l pl LS Le Ee eS qn qoos d 
ICLKDIV 21. NE AEE EEE SE EE TE -3 
RX_DATA[7:0] 000000ab 


BITSLIP 
Figure 34 SDR1TO8 Timing Diagram 


DDR1TO2_ OPPOSITE EDGE 


When the Input logic is configured as DDRITO2 OPPOSITE EDGE mode, its function diagram can be 


simplified as the following diagram. 
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RX DATA[1:0] 


Figure 35 DDRITO2 OPPOSITE EDGE Function Diagram 
1 2 3 4 5 6 7 8 


RST N 


o 


Di 00 XaXeXeXsKeXtX 9X AX EX XL A n 


ICLK 


RX DATA JN Ce GER CINE CERE: (REND (EINER: E 


RX Cent Xe 9G. O0 90 XX 


Figure 36 DDRITO2 OPPOSITE EDGE Timing Diagram 


DDR1TO2 SAME EDGE 


When the Input logic is configured as DDRITO2 SAME EDGE mode, its function diagram can be simplified as 


the following diagram. 
DI 
DESCLK 
ICLK 
RST 
1 2 3 | 5 6 7 8 9 


RST N 
DI 0 XeXeXeXsXeX tK IK XX E IX MK. 


DESCLK 4 | 4 | 4 | 4 | 4 | 4 | 4 | 4 


RX DATA gr: Na: X3: Kai X4: XI XE: Xu 
RX Der JD Xe Xe Xe X 6 


Figure 38 DDRITO2 SAME EDGE Timing Diagram 
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DDR1TO2_SAME_PIPELINED 


When the Input logic is configured as DDRITO2 SAME PIPELINED mode, its function diagram can be 


simplified as the following diagram. 


DI 


DESCLK > DESCLK DO[1:0 RX DATA[1:0] 
ICLK 
RST 


Figure 39 DDR1TO2_SAMEPIPELINE Function Diagram 


l 2 3 4 5 6 7 8 9 
RST N 
0 

Di CaX eX eK Xe KX LA IX XXX EX LX mă n 


DESCLK 4 | 4 | 4 4 | 4 | 4 4 | 4 
RX_DATAIO] 0 Ca Xe Xe Aa Xi Xk 


RX DATAN XXX Xe XX 
Figure 40 DDR1T02_SAMEPIPELINE Timing Diagram 


DDR1TO4 


When the Input logic is configured as DDRITO4 mode, its function diagram can be simplified as the following 
diagram. 


DI DI 
BITSLIP BITSLIP 
DESCLK 
ICLKDIV 
ICLK 
RST 


RX DATA[3:0] 


Figure 41 DDRITO4 Function Diagram 
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RST N l 
Di oO XaXbXeXdXeXtX 9X hXiXiIXKX Xm nX oXp Xa Ar 


DESCLK $ $ | $ | $ $ | $ | $ | $ $ | 4 


ICLKDIV 4 4 | 4 4 | 4 
RX_DATA[3:0] 0000 ijkl 
BITSLIP 


Figure 42 DDR1TO4 Timing Diagram 


DDRITO6 


When the Input logic is configured as DDRITO6 mode, its function diagram can be simplified as the following 
diagram. 


DI DI 
BITSLIP BITSLIP 
DESCLK > DESCLK . 
ICLKDIV > rcLkbIv  POL5:0] RX_DATA[5:0] 
ICLK 
RST 
Figure 43 DDR 1T06 Function Diagram 
1 2 3 1 5 6 7 8 9 10 11 


RST Ñ l 
DI D XaX bX eXdX eX FX 9X bX i XiXkKX Läim nX OKP Xa xr 


DESCLK 4 | 4 | 4 4 | 4 | 4 4 | 4 | 4 | 4 
ICLKDIV 4 4 | 4 


RX_DATA[5:0] 000000 A abcdef 


BITSLIP 


Figure 44 DDR1TO6 Timing Diagram 
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DDRITOS 


When the Input logic is configured as DDR1TO8 mode, its function diagram can be simplified as the following 


diagram. 


DI DI 
BITSLIP BITSLIP 
DESCLK 
ICLKDIV 
ICLK 
RST 


RX DATA[7:0] 


Figure 45 DDR1TOS Function Diagram 


N 
co 
NS 
a 
a 
- 
co 
wo 
e 
= 


RST N 
ol 0 Ca X bX eXd Xe X FX IX HX IXIXKX I XmXnXoXp Xa Xr 


ICLK 4 4 4 4 4 4 4 ^ l ^ ^ 
DESCLK $ $ l $ $ $ $ $ l $ l $ $ 
ICLKDIV 4 | 4 4 


RX. DATA[7:0] 00000000 X___0000abcd | | | X efg hijkl 
BITSLIP 


Figure 46 DDRITOS Timing Diagram 


DDRITO10 


When the Input logic is configured as DDRITOIO mode, two GTPs need to be instantiated, 
GTP_ISERDES_INSTO parameter CASCADE_MODE is set to "MASTER", GTP_ISERDES_INST1 parameter 
CASCADE_MODE is set to "SLAVE", its function diagram can be simplified as the following figure. 


DI DI A 
RX DATA M[7:0] X DATA S[3:2] 
> re 
Se ISHIFTOUTO SHTFTOUTO ck ISHIFTOUTO 
DESCLK P ISHIFTOUT I P ISHIFTOUT1 ISHIFTOUTI 
ICLKDIV P ICLKDIV ICLKDIV ? ICLKDIV 
ICLK b ICLK P ICLK 
ISHIFTINO ISHIFTINO NO ISHIFTINO 
ISHIFTINI ISHIFTINI GTP ISERIJES INSTO HEF ISHIFTINI ` GTP ISERDES INSTI 
RST RST DDRITO10) master RST RST 


(10 slave 


Figure 47 DDR1TO10 Function Diagram 
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1 2 3 4 5 6 7 8 9 10 11 12 13 14 
RST N 
H 0 a XboX eX XeX tX SX HXiXIXKX1XmMX nX o Xe Xa Xr XsXtKuXvX wK X 
rese Os OOo LP LP ie) OE al ie LF VO 
ICLKDIV Ke AE IE E | ne 
RX_DATA[7:0] 00000000 000000ab efghijkl 
ISHIFTOUTO 0 0 0 b d f h j | n 
ISHIFTOUTA xX :0 X :0 X :0 X :a X :c X e X :9 X :i X :k :m Xo 
ICLKDIV Do SH og AE 5 | EE KE f —: 
RX DATA S[3:2] RX DATA M[7:0] X 00000000ab X cdefghijkl 


BITSLIP 


note: m:master s:slave 


Figure 48 DDR1TO10 Timing Diagram 


DDRITO14 


When the Input logic is configured as DDRITOI4 mode, two GTPs need to be instantiated, 
GTP_ISERDES_INSTO parameter CASCADE_MODE is set to "MASTER", GTP_ISERDES_INST1 parameter 
CASCADE_MODE is set to "SLAVE", and its function diagram can be simplified as the following figure. 


DI DI DI DI "m 

5 3 D0[7:0] e D0[7:2] X DATA S[7:2] 
pu ta ISHIFTOUTO JTO BITS BITSLIP ISHIFTOUTO ISHIFTOUTO 
DESCR PDESCLK —TSHIFTOUTI SHTPTOUT] DESCLK ISHIFTOUTI ISI! 


ICLKDIV P ICLKDIV l) ICLKDIV 


MA ICLK 
ISHIFTINO ISHIFTINO NO ISHIFTINO 
ISHIFTINI ISHIFTINI DI ISERÍES INSTO y ISHIFTIN]  GIP_ISERDES_INSTI 


RST RST DDR1to14]master RST RST 14] slave 
Figure 49 DDR1TO14 Function Diagram 
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RST É ` : ° ° ‘ i : E É É E É 
i E IE d) 3 CP CD 62 E) E) E (3 GE CD E) CI CE CE 2 CI (2 XXX WK 
o Cg E aaa ee ee T1. 
reen. em e a e a aa e a a ef LS LS 
ICLKDIV $ É E 

RX piar a 00000000 X. 000000ab 

— III i S 
ISHIFTOUTO 0 0 0 a c e g i k m o 
DESCLK Bopp L44 Rd DT f Lfd 01.5 1T 1 * 1-4 LES 
T" f | f Ll 
FOG DATA SILO DATA MAT NISTA. 


BITSLIP 


note: m:master -s:slave 


Figure 50 DDR1TO14 Timing Diagram 


HMDDRITO4 


When the Input logic is configured as HMDDRITO4 mode, its function diagram can be simplified as the 


following diagram. 


DI 

DESCLK 

ICLKDIV 

ICLK 

IFIFO WADDR IFIFO WADDR 

IFIFO RADDR IFIFO RADDR 
RST RST 


Eu 1 2 3 4 5 6 7 8 9 10 11 12 13 
d 
ICLK 4+ L4 L4 LS 134 LA LA ee LALA 1:1 


IFIFO WADDR[2:0] 


IFIFO RADDR[2:0] 3'b000 X_3b001.X__3'b011X_3'b010 X 3b110X 36111 X 3:b011X 30010 X__3'b110X_3'b111 X 3'b000 
DESCLK $ $ $ | 4 | 4 | 4 L_4 L4 E, = 
ICLKDIV 4 | 4 | 4 å 4 4 


RX DATA(3:0] 0000 efgh 


Figure 52 HMDDRITO4 Timing Diagram 
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HMDDRITOS 


When the Input logic is configured as HMDDRITOS mode, its function diagram can be simplified to the 


following diagram. 


DI DI 
DESCLK ? DESCLK 
ICLKDIV 
ICLK h ICLK | | 
IFIFO WADDR IFIFO WADDR DOL7:0] RX DATA[7:0] 
IFIFO RADDR IFIFO RADDR 
RST RST 


Figure 53 HMDDRITOS Function Diagram 


1 2 3 4 5 6 7 8 9 10 11 12 13 14 
RST N 

: ED EN END ADA END EDEA IX XXX XE XX XXX Xa 
IoLK Lg 4 EA ERA 1T Ve 14$ LA VVS LOT 14 

IFIFO WADDR[2:0] 3'b000 3'b001 3'b01 3'b010 3'b11 3'b111 3'b101X 3'b100 3'b000 3'b001X 3'b011X 3'b010 
IFIFO_RADDR(2:0] 3'b000 
DESCLK 4 $ $ $ $ $ $ $ $ $ | $ 
ICLKDIV 4 4 4 

RX DATA[7:0] 00000000 abababab 


Figure 54 HMDDRITO8 Timing Diagram 


LMDDRITO4 


When the Input logic is configured as LMDDRITO4 mode, its function diagram can be simplified as the 


following diagram. 


DI 
OCLK 


ICLKDIV > ICLKDIV  po[3:0] RX DATA[3:0] 
ICLK 


RST 


Figure 55 LMDDRITO4 Function Diagram 
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OCLK 
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o KaX BK EKAKEKIKIK hX i XiXkKXIXmX nX OKP Xa Xr X sX t 


LEE Le Fi 124: GA: 124: 4: EF: GA GA: GA 
SPORE. Bey it Sees IRI E BASEL TEA Sy ey Ea: 
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RX_DATA[3:0] 0000 mnop 


Figure 56 LMDDRITO4 Timing Diagram 


LMDDRI1TO8 


When the Input logic is configured as LMDDRITO4 mode, its function diagram can be simplified as the 


following diagram. 


DI 
OCLK 


ICLKDIV 
ICLK 
RST 


RX DATA[7:0] 


Figure 57 LMDDRITOS Function Diagram 


1 2 3 4 5 6 7 8 9 10 1 12 
RST N 
D 0 CaX bX KAÅKEK TX SX A iXiXkX1XmX nXoXpXa Xr X sX t 
ICLKDIV 4 | 4 4 
RX_DATA[7:0] 00000000 ghijkImn 
Figure 58 LMDDRITOS Timing Diagram 
OVERSAMPLE 


When the Input logic is configured as OVERSAMPLE mode, its function diagram can be simplified to the 


following diagram. 
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DI 
OCLK 
DESCLK 


ICLK 
RST 


RX DATA[3:0] 


Figure 59 OVERSAMPLE Function Diagram 


10 11 


1 2 3 4 5 6 7 8 9 
` 


RX_DATA[3:0] baba 


Figure 6 OVERSAMPLE Timing Diagram 


As shown in the figure above, four clock signals with a phase difference of 90 degrees are used to sample the 


Input data di respectively, and the sampled result rx_data[3:0] is sent internally for further processing. 


BITSLIP 


In NETWORKING mode, the BITSLIP function is supported. The BITSLIP port must be kept valid for at least 
one ICLKDIV clock cycle. In SDR mode, two valid BITSLIP operations are separated by at least two ICLKDIV 
cycles. In DDR mode, two valid BITSLIP operations are separated by At least three ICLKDIV cycles. 

In SDR mode, every time a BITSLIP request is generated, the original 1-bit data will be lost, so that the output 
data will be shifted to the left by 1 bit. As shown in Figure 61, when a bitslip request is generated, the original 1-bit 
data will be lost, and the output data will be shifted to the left by 1 bit. The output data changes from the original 00ab 
cdef ghij to 00ab defg hijk. 


1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 


RST 


DI 


ICLKDIV 4 4 4 4 
BITSLIP 4 


RX_DATA[3:0] X Oah X defg X hijk 


TimeGen 


Figure 61 SDR1to4 with bitslip Timing Diagram 
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In DDR mode, when the odd-numbered BITSLIP request occurs, it is shifted to the right by 1 bit, and when the 
even-numbered BITSLIP request occurs, it is shifted to the left by 3 bits. But the difference between HR IOL and HP 
IOL is that HR IOL occurs when the odd-numbered BITSLIP request occurs, shift right by 1 bit, when an even- 
numbered BITSLIP request occurs, shift left by 3 bits. As shown in Figure 62, when the first bitslip request works, the 
output changes from efgh, ijkl, mnop, qrst to efgh, hijk, Imno, pars That is, the output data is shifted to the right by 1 
bit; from the first bitslip request to the second bitslip request, the output changes from pars, tuvw, xyzA, BCDE to 
qprs, wxyz, ABCD, that is, the output data is shifted to the left by 3 bits. When the odd-numbered BITSLIP request 
occurs, the HP IOL shifts 1 bit to the right and loses 3 bits of data. When the even-numbered BITSLIP request occurs, 
it shifts 3 bits to the left and loses 7 bits of data. As shown in Figure 63, when the first bitslip request works, the output 
changes from ijkl, mnop, qrst to ijkl, pars, that is, the output data is shifted to the right by 1 bit, and 3 bits of data are 
lost; from the first bitslip request works, to the second bitslip request works, the output is from FGHI, JKLM, NOPQ, 
RSTU becomes FGHI, QRST means the output data is shifted to the left by 3 bits, and 7 bits of data are lost. 


RST Ñ i ` : : É i ` şi is = R 7 i a i K i 
DI XaXxbXeXxdXeXktXaXh XI Xj: X EXT Am ox PXa Es CO XK Xz X AX BXCXDXEX X 
ICLK + f f + $ $ $ + $ f $ f + $ d f y $ 
DESCLK $ + f + f + $ $ + $ + $ + $ ^ f $ $ 
ICLKDIV $ $ $ $ f f f f $ 
BITSLIP e tS f Low ¢ ¢ | Eu oa 3 1 

RX_DATA[3:0] 0000 abed x efgh hijk X Imno D pars WXyZ X 


Figure 62 HR DDR 1to4 with bitslip Timing Diagram 


RST ? ` ` ` i i i : e " 7 Ñ 

DI MXP EXE EXE KEK XDA oo X aX OS KX UX Kw Xx Ky EXAM SX eXeX EX EX SGOCOCGOGOCOXO9 (9 X XC OX RX SCT UX WK WK 
ICLK FF AA KA KA KEE KA 14 [41-4514 14$ KS KS L5 1-$ 1-$ KA 414 NATT 1-5 KA 
DESCLK LILI LA LILI LILI LI Le Le Le ee Le ee le Le LILI LI LILI LI LE 12% 
ICLKDIV f $ $ $ f f f $ $ $ $ 

BITSLIP 

RX DATA[3:0] abcd ES im Mas X tove X 1 me A FGHI 


Figure 63 HP DDR1to4 with bitslip Timing Diagram 


3. Output Logic 


The output logic of the IOL is used to process the sent high-speed data and realize the conversion of high-speed 
parallel data into serial data. In order to realize the parallel-to-serial conversion function in the IOL, for HR BANK 
and HP BANK, PDS provides the GTP_OSERDES_E2 primitive, GTP_OSERDES_E2 data output conversion The 
module supports SDR2TO1, SDR3TO1, SDR4TO1, SDRSTOI, SDR6TO1, SDR7TO1, SDRSTOI, 
DDR2TO1 SAME EDGE, DDR2TO1_OPPOSITE_EDGE, DDR4TO1, DDR6TO1, DDR8TO1, DDRIOTO1, 
DDRI14TO1, HMSDR2TO1, HMSDR4TO1, HMSDR8TO1, OLATCH, ODER mode rate conversion. Its structural 


block diagram is as follows: 
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RST 
OCE 
TCE 


OCLKDIV 
SERCLK 


OCLK 

MIPI CTRL 
UPDO SHIFT 
UPD1 SHIFT 
OSHIFTINO 
OSHIFTIN1 
DIL7:0] 


TIL7:0] 
TBYTE IN 
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OSHIFTOUTO 
OSHIFTOUTI 


TERM FB 


Figure 64 GTP. OSERDES E2 Structure Diagram 


The GTP. OSERDES E2 Verilog instantiation is as follows: 


GTP OSERDES E2 + ( 


_EN ("TRUE") , 


_MODE ("SDRATO1"), 
_EN ("FALSE 


Waff 


FT EN ("FALSE"), 


T SET('b00), 


| DQ ("RESET") 


| DOO 


| DQ2 


H 
K 
td 
Ej Ed Db oe 


("ASYNC ` 
_DQ1 ("ASYNC : 
("ASYNC 


FT EN("FALSE"), 


- DQ3 ("ASYNC 


E 
O 
Wei 
= 
K 
td 
El. E "El: Ti. E 


TO, 


TOO 
TOL 
TO2 


E TO3("ASYN 


"RESET" ) 
"ASYN 
"ASYN 
"ASYN 


( 
( 
( 
( 


RI EN("FALSI 


gm), 


EN("FALSE"), 


PI EN("FALSE"), 


. OCASCADE 


EN ( 


IO ("FALSE" 


"FALSE"), 
), 


_EN ("FALSE") , 


We 
SCH 
UO 
We 


_EN ("FALSE") , 
MODE 


("SDR4TO1"), 


FT - 


EN ("FALSE"), 


UPDO SH 
H 


FT 


EN ("FALSE"), 


T SET('b00), 


HHAHHHH HHO 
Ci 
tj 
U 
= 
Wei 


M OFF SET('b00), 
M ON SET('b00) 


InstanceName» ( 


( 


DI), 
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'RMBYTE_EN ("FALSE"), 
RM EN ("FALSE"), 
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TE, 

, DO (DO), 

. OSHIFTOUTO (OSHIFTOUTO), 
. OSHIFTOUT1 (OSHIFTOUT1), 
.TERM FB(TERM FB), 
.TFB(TFB), 

-TQ(TQ), 

.MIPI CTRL(MIPI CTRL), 
„OCE (OCE) , 

.OCLK (OCLK) , 


. OCLKDIV (OCLKDIV) , 
„OSHIFTINO (OSHIFTINO), 
„OSHIFTINI (OSHIFTIN1), 
.RST(RST), 

ERCLK (SERCLK) , 
.TBYTE IN (TBYTE IN), 


Wel 


It is worth noting that GTP. OSERDES E2 is only used as OSERDES mode, and the parameter TSERDES EN 
of GTP_OSERDES_E2 needs to be set to "FLASE". 

When OSERDES and TSERDES are used together, GTP_OSERDES_E2 needs to be instantiated twice, one of 
which sets the GTP_OSERDES_E2 parameter TSERDES_EN to "FLASE" as OSERDES, and the other 
GTP_OSERDES_E2 parameter TSERDES EN is set to "TRUE" as TSERDES, and TSERDES is used to generate 
three-state control Signal, to process the data signal generated by OSERDES. 

For high-speed output applications, when OSERDES is SDR 2TO1, TSERDES is SDR 2TO1; when OSERDES 
is SDR 4TO1, TSERDES is SDR 4TO1; when OSERDES is SDR 8TO1, TSERDES is SDR 8TO1; when OSERDES 
is DDR 4TO1, TSERDES is DDR 4TO1; OSERDES When it is DDR 8TO1, TSERDES is DDR 8TO1. For 
MEMORY applications, when OSERDES is SDR 4TO1, TSERDES is SDR 4TO1; when OSERDES is SDR 8TOI, 
TSERDES is SDR 8TO1; other modes do not support the use of OSERDES and TSERDES. 

GTP OSERDES E2 cannot be set alone for TSERDES use. 

GTP_OSERDES_E2 is usually used together with GTP_OUTBUF, GTP_OUTBUFDS, GTP_OUTBUFCO, 
GTP_OUTBUFTCO, GTP_OUTBUFTDS and GTP_OUTBUFT. 


Table 53 GTP. OSERDES E2 parameter description 


Name Type Settings Defaults Functional description 
HPIO String "TRUE", "FALSE" "FALSE" [TRUE for OSERDES using HPIO, otherwise HRIO 
ODELAY EN String "TRUE", "FALSE" "EALSE" TRUE indicates that the output MUX data source uses 
ODELAY 
TDELAY. EN String "TRUE", "FALSE" "FALSE" on | that the output MUX data source uses 
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Name Type Settings Defaults Functional description 
OSERDES MODE . String |"SDR2TOI" "SDR3TOI" SDR4TO1 |"SDR2TO1": Generic SDR 2:1 serialization mode 
"SDR4TO1" "SDRSTO1" "SDR3TO1": Generic SDR 3:1 serialization mode 
"SDR6TO1" "SDR7TO1" "SDR4TO1": Generic SDR 4:1 serialization mode 
"SDRSTOI" "OLATCH" "SDRSTOI": Generic SDR 5:1 serialization mode 
"ODFF" "DDR2TO1 SAME "SDR6TOI": Generic SDR 6:1 serialization mode 
EDGE" "SDR7TO1": Generic SDR 7:1 serialization mode 
"DDR2TO1_OPPOSITE "SDR8TO1": Generic SDR 8:1 serialization mode 
EDGE" "DDR4TO1" "OLATCH": Latch output mode 
"DDR6TOI" DDR8TOL" "ODFF" register output mode 
"DDRIOTOI" "DDR14TO1" "DDR2TO1 SAME EDGE": Generic DDR 2:1 
"HMSDR4TO1" serialization mode 
"HMSDR8TO1" "DDR2TO1_OPPOSITE_EDGE": Generic DDR 
2:1 serialization mode 
"DDR4T0O1": Generic DDR 4:1 serialization mode 
"DDR6TO1": Generic DDR 6:1 serialization mode 
"DDR8TO1": Generic DDR 8:1 serialization mode 
"DDR10TO1": Generic DDR 10:1 serialization 
mode 
"DDRI4TO1": Generic DDR 14:1 serialization 
mode 
"HMSDR4T01": High-Speed Memory SDR 4:1 
serialization mode 
"HMSDRSTOI": High-Speed Memory SDR 8:1 
serialization mode 
TSERDES MODE . String |"SDR2TOI" "SDRATOI" SDR4TO1 | "SDR2TO1": Generic SDR 2:1 serialization mode 
"SDR8TO1" "TLATCH" "SDR4TO1": Generic SDR 4: 1 serialization mode 
"TDFF" "SDR8TO1": Generic SDR 8:1 serialization mode 
"DDR2TO1 SAME EDGE" "TLATCH": Latch output mode 
"DDR2TO1 OPPOSITE . "TDFF" register output mode 
EDGE" "DDR4TO1" "DDR2TO1 SAME EDGE": Generic DDR 2: 1 
"DDRS8TOI" "HMSDR4TOI" serialization mode 
"HMSDRSTOI" "DDR2TO1 OPPOSITE EDGE": Generic DDR 
2:1 serialization mode 
"DDRA4TO1": Generic DDR 4:1 serialization mode 
"DDRSTOI": Generic DDR 8:1 serialization mode 
"HMSDR4TO1": High-Speed Memory DDR 4:1 
serialization mode 
"HMSDRSTOI": High-Speed Memory DDR 8:1 
serialization mode 
UPDO SHIFT EN  |String |"FALSE" "FALSE" |updO position control enable in OLOGIC 
"TRUE" 
UPDI SHIFT EN [String |"FALSE" "FALSE" |updl position control enable in OLOGIC 
"TRUE" 
TUPDO SHIFT EN |String |"FALSE" "FALSE" |upd0 position control enable in TSERDES 
"TRUE" 
TUPD1 SHIFT EN |String |"FALSE" "FALSE" |updl position control enable in TSERDES 
"TRUE" 
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Name Type Settings Defaults Functional description 
INIT. SET[1:0] Constance |2'b00, 2'b01, 2'b00 Static control of upd0, upd! position in OSERDES 
2'b10, 2'b11 2'b00: default position; 
2'b01: move forward by one period; 
2'b10: move forward two periods; 
2'b11: move forward three periods; 
TINIT_SET[1:0] | Constance |2'b00, 2'b01, 2'b00 Static control of updO, upd1 position in TSERDES 
2'b10, 2'b11 2'b00: default position; 
2'b01: move forward by one period; 
2'b10: move forward two periods; 
2'b11: move forward three periods; 
LRS_TYPE_DQ2 String |"ASYNC RESET" |"ASYNC_RESET" | DFF2 local reset/set result in OLOGIC data 
"ASYNC_SET" gear; 
"SYNC_RESET" 
"SYNC_SET" 
LRS_TYPE_DQ3 String |"ASYNC RESET" |"ASYNC_RESET" | DFF3 local reset/set result in OLOGIC data 
"ASYNC_SET" gear; 
"SYNC_RESET" 
"SYNC_SET" 
GRS_TYPE_TQ String | "RESET" "RESET" Global reset results of DFFO, DFF1, DFF2, 
"SET" DFF3, DFF4 in OLOGIC tri-state gear; 
LRS_TYPE_TQO String |"ASYNC RESET" |"ASYNC_RESET" | DFFO local reset/set result in OLOGIC tri-state 
"ASYNC_SET" gear; 
"SYNC_RESET" 
"SYNC_SET" 
LRS TYPE TQI String |"ASYNC RESET" |"'ASYNC RESET" | DFF1 local reset/set result in OLOGIC tri-state 
"ASYNC SET" gear; 
"SYNC RESET" 
"SYNC SET" 
LRS TYPE TQ2 String |"ASYNC RESET" |"'ASYNC RESET" |DFF2 local reset/set result in OLOGIC tri-state 
"ASYNC SET" gear; 
"SYNC RESET" 
"SYNC SET" 
LRS TYPE TQ3 String |" ASYNC RESET" |"ASYNC_RESET" | DFF3 local reset/set result in OLOGIC tri-state 
"ASYNC SET" gear; 
"SYNC RESET" 
"SYNC SET" 
TSERDES EN String |"FALSE" "TRUE" "FALSE" TSERDES enable 
*Note: When oserdes and tserdes are used together, 
TSERDES EN = "FALSE" of oserdes; 
TSERDES EN = "TRUE" of tserdes; when only 
using oserdes, TSERDES EN = "FALSE" 
TRI EN String |"FALSE" "TRUE" "FALSE" Tri-state control enable 
IOLHR: 
*Note: When oserdes and tserdes are used together, 
TRI_EN="TRUE" of oserdes; TRI EN="FALSE" of 
tserdes; when only using oserdes, enable the tri-state 
function TRI. EN="TRUF", disable the tri-state 
function TRI EN="FALSE". 
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Name Type Settings Defaults Functional description 
IOLHP: 
Turn on when using TSERDES, TRI. EN="TRUE"; 
turn off when not using, TRI EN="FALSE"; 
TBYTE EN String |"FALSE" "TRUE" "FALSE" BYTE control enable 
*Note: When oserdes and tserdes are used together, 
TBYTE_EN="TRUE" for oserdes, 
TBYTE EN="FALSE" for tserdes 
TERMBYTE EN String |"FALSE" "FALSE" TERM BYTE control enable 
"TRUE" 
OCASCADE EN String |"FALSE" "FALSE" OSERDES extension enable 
"TRUE" 
TERM EN String |"FALSE" "FALSE" Terminal control signal TERM enable 
"TRUE" 
TERM OFF SET | Constance |2'b00, 2'b01, 2'b00 TERM signal off (falling edge) bias 
2*b10, 2'b11 2'b00: synchronized with the tri-state signal; 
2'b01: advance to TI data update; 
2'b10: advance to UPDO valid; 
2'b11: advance to UPDI valid; 
TERM ON SET | Constance |2'b00, 2'b01, 2'b00 TERM signal on (rising edge) bias 
2*b10, 2'b11 2'b00: synchronized with the tri-state signal; 
2'b01: delay one cycle; 
2'b10: delay two cycles; 
2'b11: delay three cycles; 
Table 54 GTP_OSERDES_E2 port description 
Port Signal Input/Output | Width Description 
RST Input 1 Local reset signal (need to be valid for at least two OCLKDIV clock cycles), 
active high 
OCE Input 1 Output module clock enable signal 
TCE Input 1 Tri-state module clock enable signal 
OCLKDIV Input 1 OLOGIC low-speed clock (OCLKDIV and SERCLK are synchronous clocks) 
SERCLK Input 1 OLOGIC serialized clock 
OCLK Input 1 OLOGIC output stage high speed clock 
MIPI_CTRL Input 1 Output mipi (low speed/high speed) control signal 
UPDO SHIFT Input 1 OLOGIC's UPDO location move 
UPD1 SHIFT Input 1 OLOGIC's UPDI location move 
OSHIFTINO Input 1 Cascading Input Signals 
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Port Signal Input/Output | Width Description 
OSHIFTINI Input 1 Cascading Input Signals 
DI Input 8 Parallel Input data signal 
TI Input 2 Parallel Input tri-state control signal 
TBYTE IN Input 1 Can control a byte tri-state control Input signal 
OSHIFTOUTO Output 1 Cascading Input Signals 
OSHIFTOUT I Output 1 Cascading Input Signals 
DO Output 1 data output 
TQ Output 1 Three-state control output (to IOB) 
TFB Output 1 Three-state control output (to internal logic) 
TERM FB Output 1 Terminal control output (to internal logic) 
Direct Output 


The following describes the output logic configuration as direct output mode, which is divided into register 


output and latch output. 


ODFF 


When the output logic is configured in ODFF mode, its functional diagram can be simplified as the following 


figure. 


RST 
DI [0] 
eek — 2: 1:4 Lf LF L Ee KE Le L-4 KS: 
po 


Figure 66 ODFF Timing Diagram 
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OLATCH 


When the output logic is configured as OLATCH mode, its function diagram can be simplified as the following 


diagram. 


RST 


pito 0 Xa Ab Xe Xd Xe Xf Xo Ah 


OCLK 


po 0 a Ab Xe Xd Xe Xf Xo Xh 


Figure 68 OLATCH Timing Diagram 


ODDR 


GTP_ODDR_El is a data parallel-to-serial processing module that supports SAME EDGE and 
OPPOSITE EDGE modes, and its structural block diagram is shown below. 


Figure 69 GTP. ODDR El Structure Diagram 
Table 55 Port description of GTP. ODDR EI 


Port Signal Input/Output Width Description 
DO Input 1 Data input 
DI Input 1 Data input 
CE Input 1 Clock enable 
RS Input 1 Set/reset 
CLK Input 1 System clock 
Q Output 1 Data output 
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Table 56 GTP ODDR El parameter list description 


i "SAME EDGE" " » |'SAME EDGE": DDR 2:1 serialization mode 
ODDR_MODE | string | “OppOSITE EDGE" | SAME EDGE" |„OppOSITE_ EDGE": DDR 2:1 serialization mode 
GRS_EN string e "TRUE" Global reset enable 
"SYNC. SET" Reset/Set Mode Selection: 
RS TYPE string "SYNC RESET" "ASYNC RESET" | Asynchronous Set, 
œ ASYNC RESET" EE Reset, 
synchronous Reset 
1 2 3 4 5 6 T 8 9 10 


RS N 
D oXa Xe Xe Xg Xi Xk Xm Xo Xa 
DO 0 (pb Xd Xf Xh Xj XI An Xp 


CLK 
Q oXaXbX eX dXeX KIKKE XIX IKT Xm 


Figure 70 GTP. ODDR E1 OPPOSITE_EDGE Mode Timing Diagram 


O 
C 
A 


Q D XaXxbXexdxexfXg X hXiXjiXxkx!Ixm 


Figure 71 GTP_ODDR_El SAME_EDGE Mode Timing Diagram 


OSERDES 


The following describes the different operating modes in which the output logic is configured as OSERDES. 


SDR2TO1 
When the Input logic is configured as SDR2TO1 mode, its function diagram can be simplified as the following 


diagram. 
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RST RST 

OCLKDIV ? OCLKDIV 

SERCLK P SERCLK 
OCLK 
OCE OCE DO 
UPDO_SHIFT UPDO SHIFT 
DI[1:0] DI[1:0] 


Figure 72 SDR2TO1 Function Diagram 


1 2 3 4 5 6 7 8 9 10 
RST Ñ 
Di[1:0] o X ba  X d X fe > X tg 


OCLKDIV 4 | 4 | 4 4 | 


UPDO SHIFT 4 | 4 | 4 4 | 


SERCLK 4 | 4 4 | 4 | 4 | 4 4 | 4 | 4 


DO 0 La Xb Xe Xd Xe Xf 


Figure 73 SDR2TO1 Timing Diagram 
SDR3TO1 


When the output logic is configured as SDR3TO1 mode, its functional diagram can be simplified as the 
following figure. 


RST RST 
OCLKDIV ——) OCLKDIV 
SERCLK — SERCLK 
OCLK — OCLK 
OCE OCE DO 
TCE TCE 
UPDO SHIFT UPDO SHIFT 
DI[2:0] DI[2:0] 


Figure 74 SDR3TO1 Function Diagram 
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RST N 
Da 000 cba dE DEENEN ihg IK 
OCLKDIV A ^ | 4 | 4 
UPDO_SHIFI 4 7] 4 — | > 7-1 4 
SERCLK 4 4 4 4 + |] 4 4 + | 4 4 4 
oGLK [5*3 pe LS L-T LT o Le LA Lot 2 
DO 0 a b C d e f g h 
Figure 75 SDR3TOI Timing Diagram 
SDR4TO1 


When the output logic is configured as SDR4TO1 mode, its functional diagram can be simplified to the 


following figure. 


RST RST 
OCLKDIV ? OCLKDIV 
SERCLK P SERCLK 
OCLK b OCLK DO 
OCE OCE 
TCE TCE 


UPDO SHIFT UPDO SHIFT 
DI[3:0] DI[3:0] 


DI [3:0] 0000 dcba hgfe Ikji 


OCLKDIV ^ | KE r ] E ——— 
UPDO SHIFT 4 | 4 4 


SERCLK 4 4 4 å å 4 4 å å 4 4 4 
DO 0 a Xb Xe Xd Xe Xf Xg Xh 


Figure 77 SDRATOI Timing Diagram 


SDR5TO1 


When the output logic is configured as SDRSTOI mode, its functional diagram can be simplified to the 


following figure. 
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RST RST 
OCLKDIV b OCLKDIV 
SERCLK P SERCLK 
OCLK P OCLK DO 
OCE OCE 
TCE TCE 
UPDO_SHIFT UPDO_SHIFT 
DI[4:0] DI[4:0] 
Figure 78 SDRSTO1 Function Diagram 
1 2 3 1 5 6 7 8 9 10 11 12 13 14 
RST N 
DI[4:0] 00000 edcba jihgf onmik 


OCLKDIV å 4 4 
UPDO_SHIFT 4 4 4 


SERCLK 4 4 4 4 4 4 4 4 4 4 4 4 4 


DO 0 Ca X b Xc Xd Xe X f Kg X oh X i 


Figure 79 SDRSTOI Timing Diagram 


SDR6TO1 


When the output logic is configured as SDR6TO1 mode, its functional diagram can be simplified to the 


following figure. 


RST RST 
OCLKDIV > OCLKDIV 
SERCLK h SERCLK 
OCLK b OCLK DO 
OCE OCE 
TCE TCE 
UPDO_SHIFT UPDO SHIFT 
DI[5:0] DI[5:0] 


Figure 80 SDR6TOI Function Diagram 
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DI[5:0] 000000 fedcba IKjihg 

OCLADIV Dod 1: i: 4 o: : 5: : 5 | 4 

UPDO_SHIFT £ |] $ 

SERCLK > L f L4 UA Let L4 LT L4 Lt ES L+ L 
€ FLA LP LPL a Pe et 
DO 0 Xa X b c d C e f h i 


Figure 81 SDR6TO1 Timing Diagram 


SDR7TO1 


When the output logic is configured as SDR7TO1 mode, its functional diagram can be simplified to the 


following figure. 


RST RST 
OCLKDIV P OCLKDIV 
SERCLK 
OCLK DO 
OCE 
TCE 
UPDO_SHIFT UPDO_SHIFT 
DI[6:0] DI[6:0] 
Figure 82 SDR7TO1 Function Diagram 
1 2 3 4 5 6 7 8 9 10 11 12 13 14 
RST ENN 
DI(6:0] 0000000 nmikjih 


OCLKDIV 4 4 
UPDO_SHIFT 4 $ l 


sr ELEL EL EL EL EL ELE ELE LL 
oo 


Figure 83 SDR7TOI Timing Diagram 


SDRSTOI 


When the output logic is configured as SDR8TO1 mode, its functional diagram can be simplified as the 


following figure. 


WWW.pangomicro.com 66/80  UGO50006_Titan2 Series FPGA Input Output Interface (IO) User Guide 


[N] Sim Ye EBS AR LA) 


SHENZHEN PANGO MICROSYSTEMS CO.,LTD Chapter 3 I/O LOGIC 
RST RST 
OCLKDIV ——> OCLKDIV 
SERCLK — SERCLK 
OCE OCE 
TCE TCE 
UPDO SHIFT UPDO SHIFT 
DI[7:0] DI[7:0] 
Figure 84 SDR8TO1 Function Diagram 
l 2 3 4 6 7 8 9 10 1 12 13 14 
RST N 
DI [7:0] 00000000 ponmikji 


OCLKDIV 4 4 
UPDO_SHIFT $ $ 


SERCLK $ l $ $ $ $ $ $ $ $ $ $ $ $ 
DO 0 (a kb Xe Xd Xe Xf Xg Xh Xi 


Figure 85 SDR8TO1 Timing Diagram 


DDR2TO1 OPPOSITE EDGE 


When the output logic is configured as DDR2TO1 OPPOSITE EDGE mode, its functional diagram can be 


simplified as the following figure. 


RST 
OCLK 
OCE 

TCE 
DI[1:0] 


Figure 86 DDR2TO1 OPPOSITE EDGE Function Diagram 
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pitt) oXa Xo Xe Xo Xi At Ain X Xa 
Dm 0 LE A ATI An AL Al AP Xo 


po o Ka KeK eX Xe XIX XX XIX XIX m 


Figure 87 DDR2TO1 OPPOSITE EDGE Timing Diagram 


DDR2TO1 SAME EDGE 


When the output logic is configured as DDR2TO1 SAME EDGE mode, its functional diagram can be 


simplified as the following figure. 


RST 
OCLK 


OCE 
TCE 
DI[1:0] 


RST N 
Di[1:0] 00 Xba Xde Xfe Xho Ji Ak Am A po 


Do D XaXbX eX dXeXfXa XhX iX jA kX1 Xm 


Figure 89 DDR2TO1_SAME_EDGE Timing Diagram 


DDR4TO1 


When the output logic is configured as DDR4TO1 mode, its functional diagram can be simplified as the 


following figure. 
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RST RST 
OCLKDIV ? OCLKDIV 
SERCLK P SERCLK 
OCLK P OCLK 
OCE OCE DO 
TCE TCE 
UPDO SHIFT UPDO SHIFT 
DI[3:0] DI[3:0] 
Figure 90 DDR4TO1 Function Diagram 
1 2 3 4 5 6 7 S 9 10 
RST N 
DI[3:0] 0000 ponm 


OCLKDIV 4 | 4 | 4 | 4 | 
UPDO SHIFT 4 | 4 | 4 | 4 | 


SERCLK 4 4 4 4 4 | 4 4 | 4 4 


OCLK 4 4 4 4 4 4 | 4 4 
Do o XaX bX CA dA ek FX gXhX i 


Figure 91 DDR4TO1 Timing Diagram 


DDR6TO1 


When the output logic is configured as DDR6TO1 mode, its functional diagram can be simplified to the 


following figure. 


RST 
OCLKDIV 
SERCLK 
OCLK 
OCE 


TCE 
UPDO_SHIFT 


DI[5:0] 


RST 

? OCLKDIV 
b SERCLK 
» OCLK 


OCE 


TCE 
UPDO SHIFT 


DI[5:0] 


Figure 92 DDR6TOI Function Diagram 


WWW.pangomicro.com 


69 /80 


UG050006 Titan2 Series FPGA Input Output Interface (IO) User Guide 


mu 


Sri LET AR JC [ol OU EB F BIR 2761 


SHENZHEN PANGO MICROSYSTEMS CO.,LTD Chapter 3 I/O LOGIC 
1 2 3 4 5 6 T 8 9 10 
RST N 
DI[S:0] 000000 Ikjihg rgponm 
OCLKDIV ^ | 4 4 | 
UPDO_SHIFT 4 | 4 4 | 
SERCLK 4 | | | L 4 NE HE. L 4 | 4 
OCLK 4 j | | 4 | 4 | 4 | 4 L 4 
DO O XaX bX ex dx e XX gXhX i 
Figure 93 DDR6TOI Timing Diagram 
DDRSTOI 


When the output logic is configured as DDR8TO1 mode, its functional diagram can be simplified to the 


following figure. 


RST RST 
OCLKDIV P OCLKDIV 
SERCLK P SERCLK 
OCLK P OCLK 
OCE OCE DO 
TCE TCE 
UPDO SHIFT UPDO SHIFT 
DI[7:0] DI[7:0] 
Figure 94 DDR8TO1 Function Diagram 
1 2 3 4 5 6 T 8 9 10 
RST N 
DI[7:0] 00000000 hgfedcba ponmlkji 
OCLKDIV ^ | 4 
UPDO SHIFT AP TS EN i Li 
SERCLK 4 | 4 | 4 4 | 4 4 | 4 4 | 4 
OCLK 4 | 4 4 | 4 4 | 4 4 | 4 
DO 
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DDRI0TO1 


When the output logic is configured as DDRIOTOI mode, its functional diagram can be simplified to the 


following figure. 


OSHIFTOUTO H ep, OSHIFTOUTO 
RST RST OSHIFTOUT I Os : OSHIFTOUTI 
OCLKDIV ? OCLKDIV DO DO DO 
SERCLK b SERCLK OCLKDIV b OCLKDIV 
OCLK b OCLK DDRLOtol SERCLK b SERCLK DDR10to1 
OCE OCE slave OCLK - master 


UPDO SHIFT UPDO SHIFT OCE OCE 

OSHIFTINO OSHIFTINO UPDO SHIFT UPDO SHIFT 

OSHIFTINI OSHIFTINI EIDEN OSHIFTINO 
DI [9:8] DI [3:2] £ OSHIFTINI 


DI[7:0] 


1 2 3 4 5 6 7 8 9 10 11 12 13 
RST N 
DI[7:0] 00000000 hgfedcba rqponmlk ABzyxwvu 
DI[3:2] 00 ji ts DC 


OCLKDIV 4 $ | 4 
UPDO_SHIFT LL DS 


SERCLK 4 4 4 4 | 4 4 4 4 4 | 4 4 l 


DO oX aX bX cX dXeX fX gXhX IX IX kX IXmX n 


note: m:master s:slave 


Figure 97 DDR10TO1 Timing Diagram 


DDR14TO1 


When the output logic is configured as DDR14TO1 mode, its functional diagram can be simplified as the 


following figure. 


RST se OSHIFTOUTO e ae OSHIFTOUTO 
- RST OSHIFTOUTI os RST OSHIFTOUTI 
OCLKDIV —p OCLKDIV DO OCLKDIV — OCLKDIV DO 


SERCLK —p SERCLK SERCLK — SERCLK 
OCLK b OCLK DDR14tol Las DDR14to1 
OCE OCE slave OCLE Keng master 
ge OCE OCE 
UPDO SHIFT UPDO SHIFT 
- e UPDO SHIFT o 
OSHIFTINO OSHIFTINO ser UPDO SHIFT 
OSHIFTINI OSHIFTINI OS NO OSHIFTINO 
DI[13:8] DI [7:2] k OSHIFTINI 


DI[7:0] 


Figure 98 DDR14TO1 Function Diagram 
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1 2 3 4 5 6 7 8 9 10 11 12 13 
RST GREN 
Da 00000004 hgfedeba______________________________X_vutsrapo 
DI[7:2] 000000 nmlkji ABzyxw 
OCLKDIV $ $ 


UPDO_SHIFT 4 4 


SERCLK 4 4 4 4 4 | 4 4 4 4 4 4 
OCLK $ $ $ $ $ l $ $ $ $ $ $ 


DO o X aX X oX dXeX XIX hX KIKK IX mx 


note: m:master s:slave 


Figure 99 DDR14TO1 Timing Diagram 


HMSDR4TO1 


When the output logic is configured as HMSDR4TO1 mode, its functional diagram can be simplified to the 


following figure. 


RST RST 
WCLK/WCLK DELAY —— WCLK/WCLK DELAY 
SERCLK SERCLK 
OCLKDIV OCLKDIV DO 
OCE OCE 
UPDO SHIFT UPDO SHIFT 
DI [3:0] DI[3:0] 


Figure 100 HMSDRA4TO1 Function Diagram 


1 2 3 4 5 6 7 8 9 10 11 12 13 
RST N 
og 0000 Ikj 


OCLKDIV 4 4 GE TT 
UPDO_SHIFT $ $ $ 


SERCLK a 4 4 4 4 4 4 4 4 | 4 4 4 
WCLK/WCLK_DELAY 4 4 4 4 4 4 4 4 4 | 4 4 4 


DO 0 a b c d e f g h 


Figure 101 HMSDRATOI Timing Diagram 


HMSDRSTOI 


When the output logic is configured as HMSDR8TO1 mode, its functional diagram can be simplified to the 


following figure. 
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RST RST 
WCLK/WCLK DELAY > WCLK/WCLK DELAY 


SERCLK SERCLK 
OCLKDIV OCLKDIV DO 
OCE OCE 
UPDO SHIFT UPDO SHIFT 
DI [7:0] DI [7:0] 


1 2 3 4 5 6 7 8 9 10 11 12 13 14 
RST N 
DI[7:0] 00000000 hgfedcba ponmlkji 


OCLKDIV 4 4 


UPDO_SHIFT 


$ l Fr be 2 


wawekonw ELELELELELELELELELELELELE 


DO 0 (a Xb Xe Xd Xe Xf Xg Xh Xi 


TSERDES 


Figure 103 HMSDRSTOI Timing Diagram 


When OSERDES and TSERDES are used together, the output logic is set to TSERDES, and there are several 


different working modes as follows. 


SDR2TO1 


When the Input logic is configured as SDR2TO1 mode, its connection diagram can be simplified as the 


following figure. 


OCLKDIV 
SERCLK 
OCLK 


TCE 
TS CTRL[1:0] 
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P OCLKDIV 
P SERCLK 
P OCLK 


RST 
RST TO OCLKDIV 


OCE TSERDES DRAI TBYTE IN 
DI[1:0] SDR2tol A : DI[1:0] 


Figure 104 TSERDES SDR2TO1 Connection Diagram 
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RST N l l | 
re crura 


OCLKDIV 4 4 4 4 | 
UPDO SHIFT 4 4 4 4 | 


SERCLK 4 | 4 | ^ | 4 4 | 4 | 4 | 4 4 


Do 0 (ar bo. Xe Xd Xe Xf 


Figure 105 TSERDES SDR2TO1 Timing Diagram 


SDR4TO1 


When the output logic is configured as SDRATOI mode, its connection diagram can be simplified as the 


following figure. 


RST 
? OCLKDIV 
P SERCLK y 
P OCLK | - 


OCE TSERDES Tm IN OSERDES 
DI[3:0] SDR4tol - : DI[3:0] SDR4tol 


RST 


TS_CTRL[3:0] 0000 dcba hgfe Ikji 


ockov i i i LPO Li i i i Li 
UPDO_SHIFT 4 4 4 


SERCLK FLA LAE LE LA LE LE LE LE LE LE LS 
DO 0 a b Ac Ad Xe Af h 


Figure 107 TSERDES SDR4TO1 Timing Diagram 


SDR8TO1 


When the output logic is configured as SDR8TO1 mode, its connection diagram can be simplified as the 


following figure. 
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RST 
P OCLKDIV 
P SERCLK 
P OCLK 


UC 
OCE TSERDES H TBYTE IN 
DI[T:0] SDR8tol É : DI[7:0] 


1 2 3 4 5 6 7 8 9 10 11 12 13 14 


TS CTRL[7:0] 00000000 hgfedcba ponmlkji 


Ce RM. E AN a RECON. SO EE SG i ce 
E å 1 1 i: 1 4 : |o i: : i: Gi i : i AS |o: io: 
oc CL pe oO sO EL EL ELEL E 


DO 0 a b [e] d e f h i 


Figure 109 TSERDES SDR8TO1 Timing Diagram 


DDR4TO1 


When the output logic is configured as DDR4TO1 mode, its connection diagram can be simplified as the 


following figure. 
EST RST RST RST DO 
IBTYE IN TBTYE IN BFYE—H TBTYE_IN TQ 
OCLKDIV — OCLKDIV OCLKDIV OCLKDIV 
SERCLK ——> SERCLK i SERCLK SERCLK — 
OCLK — OCLK aana OCLK OCLK OSERDES 
ke OE to , geg DDR4tol 
UPDO_SHIF1 UPDO_ SHIFT UPDO SHIFT — | UPDO SHIFT 
UPDI SHIFT UPDI SHIFT UPDI SHIFT UPDI SHIFT 
TS CTRL[3:0] DI[3:0] TX DATA[3:0] DI [3:0] 


Figure 110 TSERDES DDR4TO1 Connection Diagram 
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l 2 3 4 5 6 7 8 9 10 
RST \ 
TS CTRL[3:0] 0000 ponm 


OCLKDIV 4 4 | 4 4 
UPDO SHIFT 4 4 | 4 4 


SERCLK 4 | 4 | 4 4 å 4 4 | 4 | 4 
OCLK 4 | 4 4 4 4 4 | 4 4 


OCLKB 4 4 | 4 | 4 | 4 4 4 
DO 0 XaX bX cXdXeX XgXhXi 


Figure 111 TSERDES DDRA4TO1 Timing Diagram 


DDRS$TO1 


When the output logic is configured as DDR8TO1 mode, its connection diagram can be simplified as the 


following figure. 


Rar RST RST RST DO 
TBTYE IN TBTYE IN BYE LA TBTYE IN i TQ 
OCLKDIV —$ OCLKDIV OCLKDIV OCLKDIV 


SERCLK ——3 SERCLK SERCLK SERCLK 
OCLK — OCLK atei OCLK OCLK OSERDES 
ICE — OCE k TCE — OCE Dae) 
UPDO SHIFT UPDO SHIFT UPDO SHIFT — | UPDO SHIFT 
UPD1 SHIFT UPDI SHIFT UPDI SHIFT UPDI SHIFT 


TS_CTRL[7:0] DI[7:0] TX DATA[7:0] DI[7:0] 


Figure 112 TSERDES DDR8TO1 Connection Diagram 
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RST EES EE ME E A O 
TS CTRL[7:0] 00000000 hgfedcba ponmlkji 


OCLKDIV 4 | EEE. p 
UPDO SHIFT 4 | 4 | 


SERCLK 4 | 4 | 4 4 | 4 | 4 4 | 4 | 4 


TO 0XaXbXcXaXeXtX9 


Figure 113 TSERDES DDR8TO1 Function Diagram 


HMSDR4TO1 


When the output logic is configured as HMSDR4TO1 mode, its connection diagram can be simplified as the 


following figure. 


- RST 
RST WCLK/WCLK DELAY 


RST 
WCLK/WCLK DELAY 


SERCLK 
SERCLK P SERCLK OCLKDIV 
OCLKDIV OCE 

TCE OCE TSERDES 

TS CTRL[3:0] DI[3:0] HMSDR4to1 


1 2 3 4 5 6 7 8 9 10 11 12 13 
RST N 
TS_CTRL[3:0] 0000 dcba hgfe Ikji 


OCLKDIV 4 4 4 
UPDO SHIFT $ $ $ 


SERCLK 4 4 4 4 4 4 4 4 4 4 | 4 4 
WCLK/WCLK DELAY 4 4 4 4 4 4 4 4 4 4 | 4 4 


DO 0 (a Xb Xe Xd Xe Xf Xg Xh 


Figure 115 TSERDES HMSDRA4TO1 Timing Diagram 
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HMSDRSTOI 


When the output logic is configured as HMSDR8TO1 mode, its connection diagram can be simplified as the 


following figure. 


DO 


RST " 
WCLK/WCLK_DELAY IQ 


SERCLK 
OCLKDIV E Ze 
TCE TSERDES OSERDES 
TS_CTRL[7:0] HMSDR8TO1 HMSDR8T01 


RST \ 


TS CTRL[7:0] 00000000 hgfedcba ponmlkji 


OCLKDIV 4 4 
UPDO SHIFT 4 | 4 


SERCLK 4 4 4 4 $ $ $ $ $ $ l $ $ $ 
WCLK/WCLK_DELAY 4 4 4 4 å 4 4 4 4 4 | 4 4 4 


DO 0 a b C d e T h i 


Figure 117 TSERDES HMSDRSTO! Timing Diagram 


4. Software setting input and output registers 


The way to use the Input output register is to check under "IO REGISTER" of the corresponding IO in 
PDS>UCE>Device>I/O Tabs, as shown in the figure below. 


WWW.pangomicro.com 78/80 UG050006_Titan2 Series FPGA Input Output Interface (IO) User Guide 


5 LTT Se PE Io GU EB FAR 233] 


SHENZHEN PANGO MICROSYSTEMS CO. LTD Chapter 3 I/O LOGIC 


Report Summary User Constraint Editor* X 
N R < 


Timing Constraints Attributes Compile Points 


H 


[o] 


| Toot Tabs O — == EE — === == 
Q 1/0 DIRECTION LOC BANK VCCIO IOSTANDARD DRIVE BUS KEEPER SLEW HYS DRIVE MODE IO REGISTER VREF MODE 
= Y 
2 Output N4 BANKRS 3.3 LVCMOS33 12 im 
3 Input TB BANKRS 3.3 LVCMOS33 NONE M 


Figure 118 Schematic diagram of IO register constraint method 
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part of this document, and distribute it to a third party. Otherwise, the company will pursue its legal responsibility. 
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